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TRIBUTE 


Paul Charles Adkins, 1925--1980 


Thomas B. Ferguson, M.D. 


On August 15, 1980, a gentle giant of our spe- 
cialty was laid to rest in Saint John’s Cemetery, 
Forest Glen, Maryland. Paul Charles Adkins 
was born July 21, 1925, in New York City, but 
grew up in Rutland, a beautiful village in cen- 
tral Massachusetts, where his father was ad- 
ministrator of the Rutland Heights Hospital, 
the Veterans Administration regional tuber- 
culosis facility. It may have been here that 
Paul’s interest in pulmonary disease was kin- 
dled. He received both his undergraduate and 
medical education at Johns Hopkins, and was 
awarded the medical degree with honors in 
1948. After a year of internship in surgery at 
the Johns Hopkins Hospital, Paul volunteered 
for military duty and spent the next two years 
in Japan. His surgical and administrative talents 
were recognized even at this early stage, for he 
became Chief of Surgery at the 8169th Army 
Hospital. It was in Japan that he developed a 
taste, which later became a gourmet expertise, 
for oriental cooking. 

In 1952, Paul began his resident training at 
the institution that was to become his profes- 
sional home, George Washington University in 
Washington, DC. He completed his general 
surgery and thoracic surgery training under 
Brian Blades, and in 1956 joined Dr. Blades as a 
faculty member. From that time until a few days 
before his death, Paul devoted his professional 
life to the betterment of that institution. He was 
appointed Professor of Surgery in 1966, and in 
1970 succeeded Dr. Blades as Lewis Saltz Pro- 
fessor of Surgery and Chairman of the Depart- 
ment. 

Paul's lifelong interest in and devotion to sur- 
gery are evident in the many organizations and 
innumerable committees to which he freely 
gave his time. He was a member of all the major 
medical and surgical organizations, both local 
and national, and was a consultant to the Na- 
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tional Institutes of Health, the Army, the Navy, 
and the Veterans Administration. 

Paul was a superb teacher and believed, like 
all good teachers, that the education of medical 
students and residents is the academician's top 
priority. He received the Golden Apple Award 
and the medical school yearbook dedication as 
evidence of their gratitude. With his students 
and colleagues, he contributed generously to 
the surgical literature. 

Having been spawned from a generation of 
thoracic surgeons known collectively at times 
for their overpowering ways, Paul's gentle 
manner and even disposition seemed almost 
antithetical, and yet his organizational ability 
and leadership qualities were universally rec- 
ognized and appreciated. He was President of 
the District of Columbia Thoracic Society, Gov- 
ernor of the American College of Surgeons, 
Presiden: of the Thoracic Surgery Directors As- 
sociation, Member of the Residency Review 
Committee for Thoracic Surgery, Treasurer of 
the American Association for Thoracic Surgery, 
Chairman of the American Board of Thoracic 
Surgery, and immediate Past President of The 
Society o: Thoracic Surgeons. He was Associate 
Editor of The Journal of Thoracic and Cardiovas- 
cular Surgery for fifteen years. 

In spite of a schedule that would keep many 
men in harness twenty-four hours a day, Paul 
found time to enjoy his favorite sport, golf, and 
he played the difficult Burning Tree Course 
with a 10 handicap. Devotion to his family was 
exemplified by a favorite weekend activity: 
testing in his wok a new recipe for oriental 
chicken or beef with snow peas for them to 
enjoy. Paul is survived by his lovely wife, 
Faith, his four fine sons, David, Mark, Paul, 
and William, and his mother, Mrs. Jane R. Ad- 
kins. 

I have never met a man who was less afraid of 


. death than Paul Adkins. He accepted the diag- 


nosis of carcinoma of the lung with the same 
serenity and insight that characterized his ap- 
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proach to problems throughout his medical 
career. He immediately began putting his af- 
fairs in order. He attended the spring meeting 
of the American Association for Thoracic Sur- 
gery to be with his friends and colleagues for 
what he must have known would be the last 
time. The weekend before his death he auto- 
graphed reprints of his Presidential Address to 
The Society of Thoracic Surgeons. 


Monsignor Coyne, in a beautiful homily at 


the funeral service, spoke of Paul's dedication, 
his compassion, and his unshakable religious 
belief. He also read a quotation that Paul had 
given to his wife during his last illness. The 


lines are repeated here, for they characterize 
Paul Adkins better than any recounting of his 
accomplishments can do. 


5o live, that when thy summons comes to join 

The innumerable caravan which moves 

lo that mysterious realm where each shall take 

His chamber in the silent halls of death, 

Thou go not like the quarry-slave at night, 

Scourged to his dungeon, but sustained and 
soothed 

By an unfaltering trust, approach thy grave 

Like one who wraps the drapery of his couch 

About him and lies down to pleasant dreams. 


William Cullen Bryant, Thanatopsis 
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Myocardial Preservation with 
Nifedipine: A Comparative Study at Normothermia 


Richard E. Clark, M.D., Ignacio Y. Christlieb, M.D., John A. Spratt, M.D., 
Philip D. Henry, M.D., Albert E. Fischer, B.A., Joseph R. Williamson, M.D., 


and Burton E. Sobel, M.D. 
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ABSTRACT Sixty-four dogs were placed on nor- 
mothermic total cardiopulmonary bypass, and 
global ischemia was induced for 1 hour during 
which continuous infusions (240 ml per hour) (N = 
39) or bolus injections (150 to 200 ml every 30 min- 
utes) (N — 23) into the proximal aortic root were per- 
formed. The control groups (N = 26) had infusion or 
injection of normal saline solution, normal saline 
solution + 25 mEq/L of potassium chloride, or 
Normosol-R pH 7.4. The cardioplegic solution (N — 
15) contained 25 mEq/L of potassium chloride in 
Normosol-R pH 7.4, 0.25 mg/ml of lidocaine, 500 
mg/dl of glucose, and 1.8 „U/ml of insulin. The 
nifedipine group (N = 23) had infusion or injection 
of 0.167 to 0.2 ug/ml of nifedipine in saline solution, 
Normosol-R pH 7.4, or the cardioplegic solution. 
Left ventricular performance was assessed by 
phasic and mean measurements of left ventricular 
peak and end-diastolic pressures and its first de- 
rivative, left and right atrial pressures, and ascend- 
ing aortic blood flow. Calculations of stroke work 
index and total peripheral resistance were per- 
formed. Morphological examinations, and light and 
electron microscopic examinations of heart slices 
were done. The results demonstrated a consistent su- 
periority of the nifedipine group in terms of perfor- 
mance after bypass compared with the cardioplegic 
or control group. Normal preischemic stroke work 
indices and Sarnoff curves were present 2 hours after 
bypass for the nifedipine-treated groups. The cardi- 
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oplegic solution was ineffective when given con- 
tinuously but gave modest protection when given as 
a bolus injection. It is concluded that the concept of 
the efficacy of calcium blockade during ischemia 
and the initial reperfusion period for enhanced myo- 
cardial protection is valid. 


The clinical use of chemical cardioplegia for 
preservation of ischemic myocardium during 
cardiac operation is now nearly two and one- 
half decades old [30]. After many years, a few 
basic principles for myocardial preservation 
have evolved. First, hypothermia is a potent 
protective agent [3, 9, 38-41]. Second, it is es- 
sential to prevent rapid degradation of high- 
energy phosphate compounds by immediate 
cessation of electrical and mechanical activity of 
the heart concomitant with the onset of global 
ischemia [14, 15, 27, 33, 43]. Third, :he func- 
tional result obtained after ischemia and re- 
perfusion is strongly related to the preischemic 
biochemical and morphological status of the 
heart and the time-temperature integral during 
the ischernia period [4, 7, 24, 37]. Fourth, dur- 
ing the initial minutes of the reperfusion 
period, the myocardium is highly susceptible to 
further injury, and the mechanisms governing 
injury or recovery during this interval are in- 
completely understood [5, 12, 20, 25, 28]. Fi- 
nally, the chemical composition of the solution, 
the frequencv of administration and the volume 
administered, and the rate of delivery may be 
highly important in the degree of preservation 
achieved [1, 2, 4, 11, 21, 35, 44]. 

In an effort to improve the degree of preser- 
vation in extended ischemia and decrease the 
biochemical and ultrastructural alterations ‘of 
the ischemia-reperfusion injury, we have 
explored the possibility of altering the abnor- 
mal membrane transport processes that occur 
during ischemia. The rationale was that pre- 
vention of increased intracellular calcium asso- 


€—BIÓRRRPIRIRRRIRRERRERIIRI UR RE RE mE eet a haereses 


4 The Annals of Thoracic Surgery Vol 31 No 1 January 1981 


NO; 
H 
H4COOC COOCH; 
| 
H 


Fig 1. Molecular structure of nifedipine (BAY A 1040). 
The basic structare is a benzene ring attached to a 
pyridine group. The chemical description is: 4-(2'- 
nitrophenyl)-2, 6-dimethyl-3, 5-dicarbomethoxy-1, 
4-dehydropyridine. 


ciated with ischemia and reperfusion would 


result in less myocardial stiffness and loss of 
contractility [20]. 

The drug chosen for blockade of transmem- 
brane calcium flux was nifedipine (Fig 1). It ap- 
pears to have specific membrane effects for 
blockade of calcium flux and is an extraordi- 
narily potent vasodilator. It is known that it 
exerts a mild negative inotropic effect on the myo- 
cardium in large doses but it is not a beta- 
adrenergic blocker [26]. It has a rapid onset of 
action of 5 to 20 minutes when given in sublin- 
gual or oral forms, and, in contrast to nitro- 
glycerin, the effects last 4 to 6 hours. The oral 
drug has been widely used in Europe, Asia, 
Central America, and South America for the 
treatment of Prinzmetal's and stable angina 
pectoris. 

The intravenous form of the drug is not 
widely available but it has been used therapeu- 
tically in humans during acute coronary artery 
spasm [22]. The intravenous form is rapidly de- 
graded when exposed to sun or fluorescent 
light, a property that makes nifedipine attrac- 
tive for myocardial protection in the setting of 
cardiopulmonary bypass since any escape of 
drug into the extracorporeal circuit will result in 
its rapid deactivation. | 

The experiments detailed here were designed 
to compare the effectiveness of a clinical cardi- 
oplegic solution and a solution containing a cal- 


cium antagonist on the hemodynamic and 
pathological alterations resulting from ischemia 
and reperfusion in the setting of normothermic 
global ischemia and cardiopulmonary bypass. 
The proposed avoidance of cardiac hypother- 
mia, although used clinically, was based on two 
premises: (1) techniques, solutions, and drugs 
that have been found to be efficacious at nor- 
mothermia are greatly enhanced by hypother- 
mia, and (2) the use of hypothermia, a potent 
protector of ischemic organs, may obscure the 
relative effects of any treatment mode. 


Methods 

Mongrel dogs of either sex and weighing 21 to 
39 kg were anesthetized with sodium pen- 
tobarbital (25 mg per kilogram of body weight) 
and placed on a volume-limited ventilator. 
After a right lateral thoracotomy, each dog was 
given heparin (300 U per kilogram). Catheters 
were placed in the left atrium and into the left 
ventricle through the left atrial appendage. An 
electromagnetic flow transducer was placed on 
the ascending aorta." Catheters (Clay Adams 
PE 240) were inserted into the common femoral 
veins for administration of fluids and mea- 
surement of right atrial pressure. A similar 
catheter was put in one femoral artery and the 
tip positioned in the arch of the thoracic aorta. 
The catheters were attached to pressure trans- 
ducers (model 4-327-0010 by Bell and Howell). 
Pressure, flow, and electrocardiographic data 
were displayed digitally and on a Honeywell 
eight-channel oscilloscope and recorded on 
paper by an ink device (model 2007-6670-10 
by Gould, Inc.). A metal cannula with an 
inner diameter of 3 mm was inserted into a 
common femoral artery for perfusion from the 
heart-lung machine. Venous drainage cannulae 
(26 to 36F) were inserted through the azygos 
vein into the superior vena cava and through 
the right atrial appendage into the inferior vena 
cava and were secured with pursestring sutures 
and tourniquets. Rectal, myocardial, and blood 
temperatures were measured with thermistors 
(model 43 TB by Yellow Springs Instrument Co.). 
Pump flow was measured with a Sarns cali- 
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brated roller pump (model 5M6202). A bubble 
(Optiflow I] by Cobe Laboratories) or mem- 
brane (Travenol model TMO II) oxygenator, 
cardiotomy reservoir and cardiotomy return 
and arterial line filters were used. The prime 
consisted of Ringer's lactate solution containing 
5% dextrose. Each animal was given Ringer's 
lactate solution, 50 ml/kg/hr intravenously, prior 
to cardiopulmonary bypass. In addition, a slow 
intravenous infusion of sodium bicarbonate 
(8.490) was given to maintain normal arterial 
blood pH. 

Prior to cannulation of the venae cavae, each 
animal was given 500 to 600 ml of filtered 
citrate-phosphate-dextrose-preserved (x 24 
hour) canine whole blood in rapid sequential 
50 ml aliquots, and a left ventricular function 
curve was characterized. Three- to 5-minute 
intervals were utilized for each measurement 
prior to bypass. After the initiation of partial 
cardiopulmonary bypass, a left ventricular vent 
was inserted through the right superior pulmo- 
nary vein. This cannula was attached to the ve- 
nous drainage line of the cardiopulmonary 
bypass circuit. The perfusate was maintained at 
a temperature of 37.5? + 0.5°C. A 14 gauge 
plastic cannula was secured by a mattress su- 
ture buttressed with Teflon felt pledgets in the 
aortic root proximal to the flow transducer. For 
continuous infusions, the cannula was attached 
to an opaque catheter that was connected to a 50 
ml opaque syringe mounted in a constant-rate 
infusion pump.* For intermittent injections, a 
similar system was used except that the opaque 
catheter was connected to a nontranslucent 
container with a three-way stopcock interposed 
for withdrawal from the container and injection 
into the aortic root. 

After adjustment of the extracorporeal and 
intracorporeal blood volumes with the animal 
on partial cardiopulmonary bypass, the tour- 
niquets around each vena cava were tightened 
to initiate total bypass. Ten minutes later a 
clamp was applied to the ascending aorta, and 
the heart was rendered ischemic. Simulta- 
neously, an infusion of room temperature (23° 
to 27°C) solution at 4 ml per minute was begun 
into the root of the aorta. In other experiments, 


*Harvard Apparatus Co., Milis, MA 02054. 


bolus injections of 150 to 200 ml at 37°C or room 
temperature were made in 90 seconds and re- 
peated every 30 minutes. Total-body perfusion 
was maintained at a minimal flow rate of 100 
ml/kg/min at a minimal mean aortic pressure of 
70 mm Hg. No drugs were given during perfu- 
sion. Crystalloid volume and colloid volume 
were added as required to meet the prescribed 
hemodynamic criteria. 

After an hour of myocardial ischemia, the 
clamp on the ascending aorta was removed and 
the hearts were reperfused for 30 minutes under 
steady-state flow and pressure conditions. If 
necessary, the heart was then defibrillated, 
usually with a single 15 to 20 watt-second 
direct-current shock, and attempts were made 
to wean the animal from the extracorporeal cir- 
cuit as quickly as possible. The superior vena 
caval cannula, the inferior vena caval cannula, 
and the left ventricular vent were clamped se- 
quentially, and the animal was removed from 
cardiopulmonary bypass. Blood volume was 
adjusted by infusion or withdrawal to max- 
imize cardiac output. Calcium chloride (0.5 
gm/100 ml) was given intravenously very slowly 
during the weaning period and thereafter until 
it could be discontinued in all animals. 

Hemodynamic, thermal, and electrocardio- 
graphic data were observed continuously 
throughout each experiment. Periodically, 
phasic and mean recordings were made. Blood 
gases, pH, and hematocrit were measured fre- 
quently. At the end of each experiment, colloi- 
dal carbon 100 mg per kilogram, was injected 
into the left atrial catheter and circulated for 5 
minutes. The heart was fixed in situ by aortic 
root perfusion of 3 liters of a 50-50 mixture of 
buffered glutaraldehyde and formalin at 37°C 
after perfusion of the coronary vascular bed 
with 3 liters of buffered Ringer’s lactate. Then 
the heart was excised and weighed. Sections (5 
mm) were cut perpendicular to the apical-aortic 
axis with a calibrated slicer. Full-thickness 
samples were taken from each slice for light 
and transmission electron microscopic exam- 
inations. 

Ventricular function was assessed by a car 
parison of variables measured directly Amd cal N 
culation of stroke volume (SV), den Works 3. 
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(TPR). Hemodynamic data were evaluated 
statistically by both the paired and unpaired 
Student ¢ tests. Each animal served as its own 


control for comparison of the preischemic and 


postischemic data (paired analysis). Preopera- 
tive and postoperative values for controls and 
experimental groups were compared by un- 
paired ¢ test analysis. 

The pathological data were obtained by mor- 
phological visual and photographic assessment 
of the ventricular slices after they had been in 
buffered glutaraldehyde-formalin solution 24 
to 48 hours. Representative full-wall-thickness 
sections.were taken from anterior and posterior 
walls for light and transmission electron mi- 
croscopic examinations. Three stains were used 
for light microscopy sections: hematoxylin- 
eosin, aldehyde-fuchsin, and Mallory’s tri- 
chrome. Unstained cleared sections were used 
to locate and evaluate the presence of colloidal 
carbon in the intercellular spaces and endothe- 
lial spaces in the microvasculature. Two observ- 
ers, blinded with respect to mode and form of 
treatment, carried out the evaluations. In con- 
trast to regional ischemic-reperfusion injuries, 
the lesions resulting from global ischemia and 
reperfusion ranged from a few scattered lesions 
in the endocardium to extension to the mid- 
myocardium and epicardium, with the most 
severe form being concentric hemorrhagic ne- 
crosis. Microscopic and electron microscopic 
examinations of central areas of injury, large or 
small, were very similar. 

Consequently, quantitative morphometric 
analyses of the areas of injury were made using 
twenty radial segments with concentric rings 3 
mm apart. Each heart slice was evaluated for 
injury to the epicardium, midmyocardium, and 
endocardium. Also, severity of injury for each 
area was graded in a scheme of 0 to 4. The sums 
for each slice for the three areas were compared 
statistically for each observer. The total injury 
score was the sum of the scores for each Slice, 
averaged per observer. 

Additionally, some fresh sliced hearts were 
incubated in nitrobluetetrazolium, an indi- 
cator of persistent dehydrogenase activity, a 
sign of viability. Morphological analyses were 
performed on these slices in a manner similar to 
that for slices untreated with this indicator. : 


Experimental Groups 

Controls 

There were 26 animals in this group. Two re- 
ceived no infusions. Eighteen had continuous 
infusion of the following solutions at 4.0 ml per 
minute: normal saline solution (N = 10), nor- 
mal saline solution with 25 mEq/L of potassium 
chloride (N — 5), and Normosol-R pH 7.4* (N — 
3) at room temperature (23? to 27°C). Six animals 
received a bolus injection. Normal saline solu- 
tion or Normosol-R pH 7.4 at 23° to 27°C or 37°C 
was injected in a volume of 150 to 200 ml over a 
60- to 90-second interval at the onset of isch- 
emia, every 30 minutes thereafter, and immedi- 
ately prior to release of the aortic cross-clamp. 


Cardioplegic Solution 

Fifteen animals were in Group 2. Both continu- 
ous (N = 7) and bolus (N = 8) injection experi- 
ments were conducted with a clinical cardio- 
plegic solution in a manner identical to that 
used for the controls. The composition and 
characteristics of the solution—Barnes Hos- 
pital Cardioplegic Solution—were as follows: 
sodium, 140 mEq/L; potassium, 25 mEq/L; 
magnesium, 2.7 mEq/L; chlorine, 99 mEq/L; 
bicarbonate radical, 23 mEq/L; gluconate, 21 
mEq/L; acetate, 24 mEq/L; glucose, 500 mg/dl; 
insulin, 1.8 wU/ml; lidocaine, 0.25 mg/ml; os- 
molarity, 360 mOsm; pH, 7.75. 


Nifedipine Solutions 

There were 23 animals in this group. 
Nifedipine was diluted with a control solution 
or the cardioplegic solution to a concentration 
of 0.167 to 0.2 ug/ml and delivered by continu- 
ous infusion (N — 14) at room temperature and 
bolus injection (N = 9) at solution temperatures 
of (23? to 27?C) and 37?C in a manner identical to 
that used for the control experiments. 


Results 

Continuous Aortic Root Infusions - 

during Global Ischemia 

The numerical data from the continuous infu- 
sion experiments are summarized in Tables 1 
and 2. Table 1 is a comparison of the values ob- 
tained. before perfusion and 2 hours after perfu- 
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Table 1. Prebypass and 2-Hour Postbypass Values for Continuous 
Aortic Root Infusions during 1 Hour of Normothermic Ischemia? 


Time Interval 


Change from Comparison of 


120 Min Preischemic Preischemic and 
Before after Mean Value Postischemic Values 

Variable Perfusion Perfusion (96) (p Value) 
HR (beats/min) 

Controls 171 10 165 + 10 —4 NS 

Cardioplegic solution 167 + 7 156 + 8 =7 NS 

Nifedipine StS 176 + 6 =l NS 
dP/dt (mm Hg/sec) 

Controls 3,250 t 482 2,383 X 249 —27 «0.01 

Cardioplegic solution 3,329 + 406 2,386 + 209 —28 «0.05 

Nifedipine 3,500 + 243 3,308 + 306 —6 NS 
MAP (mm Hg) 

Controls 117 +9 509 —27 «0.001 

Cardioplegic solution 118 £7 103 + 11 xS NS 

Nifedipine 123. [7 113 + 6 =11 NS 
MLAP (mm Hg) | 

Controls 10 x2 15 4 +50 <0.01 

Cardioplegic solution | gue 16 2 +78 <0.01 

Nifedipine ` SE. 13 2 +63 <0.01 
MRAP (mm Hg) 

Controls DII 10 +2 22 NS 
, Cardioplegic solution 8 t1 IIT T38 NS 

Nifedipine 9 t1 9l 0 NS 
LVP-max (mm Hg) 

Controls 144 t7 105 + 6 —27 «0.001 

Cardioplegic solution 141 +7 109 + 13 23 «0.01 

Nifedipine 148 + 9 133 d 7 —10 NS 
LVEDP (mm Hg) 

Controls SI 15 4 +88 <0.01 

Cardioplegic solution T 17+4 +143 <0.01 

Nifedipine 622 EZ +83 <0.01 
CO (L/min) 5 

Controls 2.4 t 0.2 1.8 03 —25 «0.01 

Cardioplegic solution 2,9 5 0.1 1:9 350.3 —48 «0.01 

Nifedipine 2:9 25 I 2.3 Ł 0.2 0 NS 
SV (ml/beat) 

Controls 14 + 2 ti 2 =21 <0.02 

Cardioplegic solution 15 £1 BE —46 «0.001 

Nifedipine BEI 13 42 0 NS 
SWI (gm-m/m*) 

Controls 20 +2 10 1:7 —50 «0.01 

Cardioplegic solution 224.2 JO c3 —55 «0.01 

Nifedipine 20 3-2 18 + 2 —10 NS 
TPR (dynes sec cm?) 

Controls 3,633 + 417 9:944 £ 917 = NS 

Cardioplegic solution 3,488 + 248 5,662 + 704 +62 <0.01 

Nifedipine 3,988 + 423 3,617 + 357 —9 NS 


a All mean values and standard error of the means are rounded off to whole numbers, except CO. 


HR = heart rate; NS = not statistically significant; dP/dt = rate of rise of left ventricular pressure; MAP = mean arterial 
pressure; MLAP = mean left atrial pressure; MRAP = mean right atrial pressure; LVP-max = maximal left ventricular 
pressure; LVEDP = left ventricular end-diastolic pressure; CO = cardiac output; SV = stroke volume; SWI = stroke work 
index; TPR = total peripheral resistance. 
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Table 2. Statistical Comparison of 2-Hour Postbypass Values 


for Continuous Aortic Root Infusion during 1 Hour of Normothermic Ischemia” 


Controls vs Cardioplegic 
Cardioplegic Cardioplegic Controls vs Solution vs 
Controls Solution Solution Nifedipine Nifedipine Nifedipine 
Variable (N = 18) (p Value) (N = 7) (p Value) (N = 14) (p Value) 
HR (beats/min) 165 + 10 NS 156 + 8 NS 176 + 6 NS 
dP/dt (mm Hg/sec) 2,883 + 249 NS 2,386 + 209 4 «0.001 3,308 + 306 «0.001 
MAP (mm Hg) 86 +9 NS 103 + 11 <0.001 113 + 6 NS 
MLAP (mm Hg) 15+4 NS 1622 NS 132 NS 
MRAP (mm Hg) 10 + 2 NS 111 NS 91 NS 
LVP-max (mm Hg! 105 + 6 NS 109 + 13 <0.01 iad: 7 <).01 
LVEDP 1544 NS 17 t4 «0.05 Mtz <0.05 
CO (Limin) 1.8 + 0.3 NS T303 <0.01 2.3 202 <0.01 
SV (ml/beat) ilg 2 NS 842 «0.05 13 £2 <0.01 
SWI (gm-m/m?) 10 t2 NS 10 *3 «0.001 18 + 4 <0.01 


TPR (dynes sec cm^?) 3,377 £ 917 <0.01 


5,662 + 704 NS 


3,617 + 357 <0.01 


^AI] mean values and standard error of the means rounded off to whole numbers, except CO. 


Abbreviations same as in Table 1. 


sion for the three groups of animals receiving 
control solutions, clinical cardioplegic solution, 
or nifedipine solution. Table 2 is a statistical 
comparison of the values obtained 2 hours after 
bypass for the three groups. There were 20 
animals in the control group. These animals 
had aortic root infusion of normal saline solu- 
tion (N = 10), normal saline solution containing 
25 mEq/L of potassium chloride (N = 5), 
Normosol-R pH 7.4 (N =3), or no infusate (N = 
2). Hach subset was statistically analyzed for 
preperfusion values and postperfusion values 
at 10, 30, 60, 90, and 120 minutes after cessation 
of bypass. There were no statistical differences 
between any variable for any subset at any time 
interval in the preischemia or postischemia 
period. Consequently, all 20 animals in the four 
subsets were amalgamated into the one control 
group listed in Tables 1 and 2. Stone hearts de- 
veloped in 3 dogs in the control group (2 con- 
tinuous and 1 bolus). They had no hemodyna- 
mic function after the initial reperfusion period 
and are excluded. Statistical analyses of the 
preperfusion values for the control, cardio- 
plegic, and nifedipine solution groups demon- 
strated no statistical significance between any 
groups for any variable. Thus, the three groups 
were similar statistically prior to ischemia and, 
therefore, were comparable with respect to the 
postpertusion values. 


Three variables—heart rate, mean right atrial 
pressure, and TPR—showed no change be- 


tween the preischemic and 2-hour postischemic ` 


values for the three groups with the exception 
of TPR for the group given cardioplegic solu- 
tion. This group and the controls had similar 
hemodynamic behavior after ischemia. Both 
groups had significant depression of the rate of 
rise of left ventricular pressure (dP/dt), maxi- 
mal left ventricular pressure, cardiac output, 
SV, and SWI. Both of these groups had eleva- 
tions of mean left atrial pressure and left 
ventricular end-diastolic pressure. The only 
dissimilarities between the two groups were a 
decreased mean arterial pressure for the control 
group (2796) and an increased TPR (6296) for the 
group with cardioplegic solution 2 hours after 
cessation of cardiopulmonary bypass. Clearly, 
these two groups had left ventricular dysfunc- 
tion with a SWI 45 to 5096 of normal with a 
twofold increase in preload at heart rates iden- 
tical to the preischemic values. 

In contrast, those dogs given an aortic root 
infusion of nifedipine in saline solution or in 
cardioplegic solution had normal postischemia 
values for dP/dt, mean arterial pressure, mean 
right atrial pressure, cardiac output, SV, SWI, 
and TPR. Two values were mildly abnormal: 
mean left atrial pressure and left ventricular 
end-diastolic pressure. A striking result was the 
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preservation of left ventricular function at pre- 
ischemic levels in contrast to the groups re- 
ceiving control or cardioplegic solutions. The 
changes in stroke work as a function of time for 
the three groups are shown in Figure 2. All 
animals started with similar levels of stroke 
work, and all responded in normal fashion to 
volume loading prior to ischemia. Following 1 
hour of global ischemia at normothermia, the 
control group and those receiving cardioplegic 
solution had a flat response of SWI as a function 
of time. Those animals receiving nifedipine 
gradually improved during the 2-hour interval 
after bypass and achieved normal preischemic 
values. Table 2 is a statistical comparison of the 
values obtained 2 hours after perfusion and 
demonstrates the similarity of results obtained 
with control and cardioplegic solutions with 
continuous infusions. There was a strong 
statistical disparity between the data for ni- 
fedipine and the other two groups. 

' Volume loading, achieved with 50 ml incre- 
mental infusions of 500 to 600 ml of fresh, fil- 
tered dog's blood obtained from a single 
animal, was used as a test of ventricular per- 
formance prior to and after global ischemia in 
all animals. Figure 3 demonstrates the change 


Fig 2. Stroke work index as a function of time before 
and after cardiopulmonary bypass for the groups having 
continuous infusion of tke aortic roots. Global ischemia 
was maintained at 37°C for 1 hour. (CPS = cardioplegic 
solution.) 
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in stroke work as a function of left atrial pres- 
sure fcr the three groups prior to and after 1 
hour of normothermic global ischemia. It is 
clear that the hearts treated with the clinical 
cardioplegic solution behaved in a manner 
similar to those hearts treated with the control 
solutions. The nifedipine-treated hearts had the 
ability to increase cardiac output, SV, and 
stroke work with no increase in heart rate while 
maintaining similar mean arterial pressures 
2 hours after cessation of cardiopulmonary 
bypass. Figure 4 demonstrates the percent re- 
covery of preischemic values for maximal left 
ventricular pressure, dP/dt, cardiac output, and 
SWI for the three groups given continuous in- 
fusions. The superiority of an infusion con- 
taining a calcium antagonist is shown. 


Bolus Injections 

The preperfusion and 2-hour postperfusion 
values for the 23 animals treated with bolus in- 
jections of saline solution or Normosol-R pH 
7.4, a clinical cardioplegic solution, or a solu- 
tion containing nifedipine, 0.167 to 0.2 ug/L, are 
shown in Table 3. Two of the 6 control animals 
could nct be weaned from cardiopulmonary 
bypass. The other 4 animals in this group were 
difficult to manage in the postperfusion interval 
because of ventricular arrhythmia. The control 
group had significant depression of mean arte- 
rial pressure and TPR. Depression of SWI did 
not reach statistical significance because of the 
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Fig 3. Volume loading tests with blood for the groups 
with continuous infusion of the aortic rcot. Stroke work 
index versus left atrial pressure before and after 1 hour 
of global ischemia at 37°C. 


Fig 4. Percent recovery of indices of left ventricular 
function for the groups undergoing continuous infusicn 
during 1 hour of normothermic global ischemia. Com- 
parison of values 2 hours after ischemia. (LV dP/dt = 
rate of rise of left ventricular pressure; LVP-MAX — 
maximal left ventricular pressure; C — controls; CPS — 
cardioplegic solution; N = nifedipine.) 
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small number of animals. The cardioplegic SO- 
lution group had a modest decrease in heart 
rate, dP/dt, mean arterial pressure, and TPR. 
There were no statistically significant changes 
in cardiac output or SV, but there was a 34% 
decrease in SWI to a level between that ob- 
tained for the control and nifedipine groups. 
The nifedipine bolus group had recovery of left 
ventricular function to normal levels. The přes- 
ervation of normal SWIs was in contrast to 
the ventricular performance of the other two 
groups. The time course of the three bolus 
groups is illustrated in Figure 5, and the change 
from preischemia levels for maximal left ven- 
tricular pressure, dP/dt, cardiac output, and 
SWI is shown in Figure 6. 

Table 4 makes a statistical comparison of the 
variables measured at the termination of -the 
experiment. The cardioplegic solution group 
did not differ from the control group, whereas ` 
the nifedipine group had significantly greater _ 
dP/dt, maximal left ventricular pressure, cardiac 
output, SV, and SWI than did the cardioplegic 
solution group. 

A major difference between the nifedipine 
and cardioplegia groups was found in the work 
reserve as evidenced by the volume loading test 
after bypass. After bypass, the control group 
had a 31% (9.8 to 12.8 gm-m/m’) increase in 
SWI, with a 7 mm Hg increase in mean left 
atrial pressure. The group given cardioplegic 
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Table 3. Prebypass and 2-Hour Postbypass Values for Bolus 
Aortic Root Injections during 1 Hour of Normothermic Ischemia 


Time Inverval 


-— — oi 


y 


—-— ee 


T-— 


C- — Au 


Change from Comparison of 
120 Min Preischemic Preischemic and 
Before after Mean Value Postischemic Values 
Variable Perfusion Perfusion (96) (p Value) 
HR (beats/min) 
Controls 167 + 5 192 + 17 +15.0 NS 
Cardioplegic solution 182 + 6 161 +7 "11.5 NS 
Nifedipine 183 + 4 151 + 5 #175 <0.001 
dP/dt (mm Hg/sec) 
Controds — — 3,933 = 360 4,000 + 531 EEI NS 
Cardioplegic solution 3,729 £238 3,143 + 406 —15.6 NS 
Nifedipine 3,978 + 186 4,386 + 240 —10.3 NS 
MAP (mm Hg) 
Controls 1299 66 t9 —45.9 «0.010 
Cardioplegic solution 122 = 6 69 + 10 —43.4 «0.001 
Nifedipine eo 26 93.7 —24.4 «0.005 
MLAP (mm Hg) 
Controls 4.7 + 0.2 8.5 + 1.0 +80.9 <0.050 
Cardioplegic solution 5,9 + 1.0 75 46 +27.1 NS 
Niredipine 38-2 0.5 4.9 t 1.0 +28.9 NS 
MRAP (mm Hg) 
. Controls 3.7 + 0.8 Zo OF +102.7 NS 
Cardioplegic solution 4.9 x 0.9 DAI TIT +30.6 NS 
Nifedipine 3.3 £05 4.8 + 0.9 +45.5 NS 
LVP-max (mm Hg) 

Controls 152 + 4 129 E 19 —15.1 NS 

Cardioplegic solution 150 + 6 112 —25.3 «0.010 

Nifedipine 155 + 6 140 + 4 —9.7 NS 
LVEDP (mm Hg) 

Controls 4.0 + 0.5 10.3 £33 162.5 NS 

Cardioplegic solution 4.3 t 1.3 5531 +74.4 NS 

Nifedipine 3.4 t 0.9 6.4 * 1.5 +88.2 NS 
CO (ml/min) 

Controls 2,150 + 136 2,200 + 220 4-253 NS 

Cardioplegic solution 2,256 + 164 2,450 + 325 +8.6 NS 

Nifedipine 2,517 + 205 3,217 + 184 +27.8 <0.010 
SV (ml/beat) 

Controls 13.0 + 1.0 11.4 + 0.4 =123 NS 

Cardioplegic solution 12,5 £09 15.2 T 21 +21.6 NS 

Nifedipine 135.8 1.12 21.9 € 1.2 +54.3 <0.001 
SWI (gm-m/m?) 

Controls 29.3 3-17 10.4 + 1.9 —55.4 NS 

Cardioplegic solution 219 Ly, 14.0 + 3.6 —34.3 NS 

Nifedipine 22.8 + 1.6 257 17 E NS 
TPR (dynes sec cm?) 

Controls 4,480 + 265 2,171 E 321 =51.5 <0.010 

Cardioplegic solution 4,275 + 344 2,196 + 381 —48.6 «0.010 

Nifedipine 3,995 + 367 2,278 t 251 —43.1 «0.005 


Abbreviations same as for Table 1. 
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Fig 5. Stroke work index as a function of time before 
and after cardiopulmonary bypass for the groups with 
bolus injection of the aortic root. Global ischemia was 
maintained for 1 hour at 37°C. (CPS = cardioplegic so- 
lution.) 


Fig 6. Percent recovery of indices of left ventricular 
function for the groups having bolus injection during 1 
hour of normothermic global ischemia. Comparison of 
values 2 hours after ischemia. (LV dP/dt = rate of rise 
of left ventricular pressure; LVP-MAX = maximal left 
ventricular pressure; C = controls; CPS = cardioplegic 
solution; N = nifedipine.) 
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solution had a 38% (13.0 to 18.4 gm-mim’) in- 
crease in SWI, with a 6 mm Hg increase in pre- 
load and the nifedipine group had a 5596 (18.8 
to 29.1 gm-m/m^) increase in SWI, with an in- 
crease in mean left atrial pressure of only 5 mm 
Hg. These differences are illustrated in Figure 
TA 


Pathological Findings: Microscopic 

Microscopic examination of full-thickness bi- 
opsies of the left ventricular slices were eval- 
uated for ischemic damage by two blinded ob- 
servers. In general, the pathological findings 
correlated with the hemodynamic data. Typi- 
cally, those animals that received no infusion or 
those receiving a crystalloid infusion not con- 
taining nifedipine had moderate to marked 
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Table 4. Statistical Comparison of 2-Hour Postbypass Values 
for Bolus Aortic Root Injections during 1 Hour of Normothermic Ischemia 








Controls vs Cardioplegic 
Cardioplegic ^ Cardioplegic Controls vs Solution vs 
Controls Solution Solution Nifedipine Nifedipine Nifedipine 
Variable (N = 6) (p Value) (N = 8) (p Value) (N = 9) (p Value) 
HR (beats/min) 192 + 17 NS 161 $7 «0.05 120: +> NS 
dP/dt (mm Hg/sec) 4,000 + 531 NS 3,143 + 406 NS 4,386 + 240 <0.05 
MAP (mm Hg) 66 +9 NS 69 + 10 <0.05 93 t7 NS 


MLAP (mm Hg) 
MRAP (mm Hg) 
LVP-max (mm Hg) 
LVEDP (mm Hg) 


055 T 10 NS 
Pao m NS 
129 + 19 NS 
10.5 = 3.3 NS 


CO (L/min) 2,200 + 220 NS 
SV (ml/beat) 11.4 + 0.4 NS 
SWI (gm-m/m*) 10.4 + 1.9 NS 


TPR (dynes sec cm?) 2,171 £ 321 NS 


2,450 + 325 «0.01 
152 $24 «0.001 
14.0 3.6 «0.001 

2,196 + 381 NS 


sike Sn ea A NS 4.9 i 10 NS 
64 X 1.7 NS 4.8 + 0.9 NS 
112 13 22 NS 140 + 4 <0.05 
fiat ta NS 6.4% 1.5 NS 
3,217 + 184 <0.05 
2142 2 12 <0.05 
25.7 = 1.7 <0.01 
AS X22 NS 





Abbreviations same as for Table 1. 
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Fig 7. Volume loading test with blood for the groups 
having multiple bolus injections of the aortic root. 
Stroke work index versus left atrial pressure before and 
after 1 hour of global ischemia at 37°C. 


subendocardial damage. This damage was 
characterized by fracturing of individual cells, 
contraction banding, and loss of nuclear defi- 
nition (Fig 8). Transmission electron micros- 
copy confirmed the microscopic examinations 
in greater detail. 

It must be emphasized, however, that few 


nifedipine-treated hearts were completely nor- 
mal. Small patchy areas of cellular degeneration 
were observed but were much less prominent 
than the changes noted in the hearts of dogs in 
the control or cardioplegic solution groups. 

All biopsies were evaluated microscopically 
by hematoxylin-eosin, Mallory’s trichrome, and 
aldehyde-fuchsin stains and also by cleared, 
unstained sections. Mallory’s trichrome stain 
clearly defines intercellular hemorrhage and 
provides excellent definition of cellular struc- 
ture. The aldehyde-fuchsin stain for connective 
tissue was less helpful. The cleared, unstained 
sections were used to localize the colloidal car- 
bon, particularly with respect to its presence 
outside the capillaries. Additionally, some 
heart slices were stained with nitrobluetet- 
razolium, a histochemical index of persistent 
dehydrogenase activity in viable cells. Slices of 
the hearts exposed to nifedipine during isch- 
emia and incubated in this stain appeared vir- 
tually normal on gross inspection. Severe sub- 
endocardial hemorrhage with deposition of 
colloidal carbon was not evident and only small 
patchy areas in the subendocardium failed to 
stain with nitrobluetetrazolium. In contrast, 
hearts in the other two groups (controls anc 
cardioplegic solution) given continuous infu- 
sions during ischemia exhibited manifestations 
of irreversible injury, a rather uniform pattern 
of subendocardial hemorrhage, and virtually 
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complete lack of staining with nitrobluetet- 
razolium. 


Morphological Analyses 

Morphological analyses were performed on all 
heart slices. The lesions induced by isch- 
emia and reperfusion were widely scattered 
throughout the myocardium and varied greatly 
in size. Higher scores were recorded for en- 
docardium than midmyocardium. The epicar- 
dial layer had the least amount of injury. Cor- 
relation of the treatment and the quantity of 
discernible injury was poor. The groups given 
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Fig 8. Low-power views of myocardium rendered isch- 
emic for 1 hour and reperfused for 2V2 hours: (A) 
minimal, (B) moderate, and (C) severe endocardial hem- 
orrhage. (H&E; X65 before 25% reduction.) 





cardioplegic solution or nifedipine had similar 
scores per slice per heart for continuous infu- 
sions. In contrast, there was a sevenfold differ- 
ence between these two groups for the bolus 
injections studies: the nifedipine group had an 
average observer score of 10 per slice per heart 
and the other group, a score of 71 per slice per 
heart. The control group had a score statistically 
similar to the nifedipine group. 

The discrepancy between morphology and 
postischemic performance is not understood. 
The localized discoloration of the injured area 
induced by colloidal carbon injection in ani- 


a 
i 
T€ 


15 Clark et al: Myocardial Preservation with Nifedipine 


mals receiving regional ischemia and reperfu- 
sion was highly reliable [5]. The ditfuse nature 


_of focal injury after global ischemia and reper- 


fusion, and the lack of localization by colloidal 
carbon may have led to the discordant results. 
Use of vital stains and radioactive markers to 
better delineate the injury of global ischemia 
is under investigation. 


Comment 

several previous experimental reports have 
demonstrated that the addition of 20 to 40 
mEq/L of potassium to most clinical crystalloid 
solutions provides limited myocardial protec- 
tion, which is significantly enhanced by hypo- 
thermia [16, 31, 32, 36]. Within the past few 


years, the effectiveness of cold potassium car- 


dioplegia has been questioned when ischemic 
arrest is prolonged or when there is inadequate 
frequency of infusion or impairment of delivery 
by reason of obstructive coronary lesions [4, 8, 
10, 21, 37]. 

Cold potassium cardioplegia is effective for 
many reasons. First, rapid infusion into the 
aortic root provides rapid core cooling of the 
heart, which lowers the rate of all metabolic 
processes. Second, a simultaneous benefit is 
cessation of electromechanical activity. This is 
important to lower the rate of creatine phos- 
phate and adenosine triphosphate depletion 
[28]. Third, an elevated concentration of potas- 
sium in the extracellular space decreases the 
rate at which potassium will leave the ischemic 
cell because of a reduction of energy available to 
maintain the ion gradient pumps. This reduc- 
tion of potassium efflux also will reduce the rate 
of calcium influx since potassium efflux is 
known to accelerate the influx of calcium [13, 
23]. A detrimental effect of elevated concen- 
trations of potassium is vasoconstriction and 
increased coronary artery vasomotor tone, as 
shown by Henry and colleagues [17]. Thus, it is 
reasonable to hypothesize on the bases of the 
known mechanisms and many clinical reports, 
that cold potassium cardioplegia if properly 
employed is highly efficacious for short (« 60 
minutes) periods of ischemia in hearts without 
gross left ventricular failure. 

However, in patients with a complex 
condition—hypertrophied, dilated hearts with 


significant obstructive coronary artery disease 
and preoperative left ventricular failure—who 
require prolonged ischemia times for surgical 
palliation, the incidence of perioperative death 
from low cardiac output or myocardial infarc- 
tion is still significant [7, 21, 37]. It was toward 
this group of patients that experimental work 
on the use of calcium antagonists began in our 
laboratories 5 years ago. 

Previous studies demonstrated that nifedi- 
pine, when used in appropriate concentrations 
in an ex vivo rabbit heart preparation, will 
prevent the characteristic decrease of compli- 
ance and rise in left ventricular end-diastolic 
pressure associated with ischemia and reperfu- 
sion, will allow restoration of normal peak left 
ventricular pressures, and will prevent the ac- 
cumulation of calcium in mitochondria from 


ischemic-reperfused hearts [20]. Other experi- 


ments using nifedipine at the onset of myocar- 
dial infarction in the conscious dog demon- 
strated increased blood flow to the area of 
injury and less myocardial creatine kinase de- 
pletion than in controls [18]. Hemodynamic and 
pathological studies of regional ischemia and 
reperfusion by Christlieb and co-workers [5] 
in anesthetized dogs with the chest opened 
demonstrated the maintenance of normal left 
ventricular function despite severe anterior 
ischemia and a twofold to threefold decrease in 
the morphometrically determined area of injury 
after 1 and 2 hours of ischemia and 2 hours of 
reperfusion. Other studies by Henry and asso- 
ciates [19] showed favorable effects of 
nifedipine on phasic myocardial heat, velocity, 
and percent of hypokinetic segment shortening 
associated with ischemia. Importantly, the 
studies by Christlieb [5], Henry [19], and their 
colleagues demonstrated that sodium nitro- 
prusside, a pure smooth vasodilator without 
chronotropic or inotropic effects, did not 
provide amelioration of the decrease of con- 
tractility indices or reduce the area of injury. 

Nifedipine has been shown to be efficacious 
in the setting of hypothermic (28°C) global isch- 
emia [6]. In these studies, a cardioplegic solu- 
tion was not used for comparison and phar- 
macological agents were administered prior to 
ischemia. 

A hypothesis central to the study reported 
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here was that any intervention that can be 
shown to be efficacious at normothermia will 
be enhanced by hypothermia. Additionally, 
hypothermia obscures the true relative merits 
of techniques, solutions, or pharmacological 
agents used for myocardial preservation. Thus, 
this study was undertaken to demonstrate effi- 
cacy of a calcium antagonist during nor- 
mothermic global ischemia and to make a com- 
parison with a clinical cardioplegic solution, 
which has been used in more than 1,600 pa- 
tients. 

The methodology of these experiments re- 
quires several comments. First, most animal 
studies concerning myocardial protection- have 
been terminated after 30 to 60 minutes of re- 
perfusion, and in many reports, the heart was 
not required to support the entire animal in the 
postischemic phase. We carried these experi- 
ments out to 214 hours following removal of the 
aortic cross-clamp and 2 hours after cessation of 
cardiopulmonary bypass because we have 
found that in both dogs and patients treated 
with a cardioplegic solution, an unexplained 
rapid decrease in left ventricular performance 
may occur 30 to 90 minutes after discontinua- 
tion of bypass. Thus, we wished to ascertain 
whether or not this happened with nifedipine 
solutions. Second, continuous infusions were 
used initially to simplify the experimental de- 
sign. This mode of drug administration main- 
tains a constant concentration of pharmacologi- 
cal agents within the vascular and extracellular 
spaces, thus avoiding sporadic loading and 
unloading of membranes. In view of the fact 
that nifedipine has not been reported as a 
myocardial protective agent in the setting of 
global ischemia except by us, we were working 
in a new area and wished to ascertain the best 
possible mode of administration. The fact that 
others have found multidose administration of 
potassium cardioplegia superior to continuous 
infusion did not necessarily pertain to a calcium 
antagonist, at least at the outset of these 
studies. From our data, however, it appears 
that multidose administration for all three 
groups in this study was superior to the con- 
tinuous mode of administration. 

Third, the control groups contained a total of 
13 dogs given normal saline solution, 6 given 
Normosol-R pH 7.4, and 5 given normal saline 


solution with 25 mEq/L of potassium chloride. 
The additional groups were added as a control 
for the potassium concentration found in the 
cardioplegic solutions, and the Normosol-R pH 
7.4 was added as a control for the base vehicle 
of the cardioplegia solution. It was surprising 
to us that neither the addition of potassium to 
normal saline solution nor the additicn of other 
ions and an increase in pH offered any advan- 
tage over normal saline solution. 

Use of the Frank-Starling relation for com- 
parison of different treatment groups was cho- 
sen for several reasons. Periodic small myocar- 
dial biopsies for biochemical and pathological 
studies suffer greatly from sampling error. 
Force-velocity studies are dependent on many 
of the same variables as the calculation of car- 
diac work or power and are not representative 
of global function of the entire heart. Thus, an 
assessment of the global performance of the 
heart after ischemia analogous to that which 
can be made easily in the operating room was 
used. | 

Finally, the use of calcium chloride infusion 
following discontinuation of bypass may be 
questioned. We found that some animals that 
received nifedipine had a prolonged Q-T inter- 
val, suggesting continuation of ihe calcium 
blockade. The Q-T interval corrected for heart 
rate decreased with the administration of a very 
dilute solution, 0.596, of calcium chloride. This 
use then necessitated its use in all groups in a 
manner similar to that in the nifedipine groups 
because of the inotropic effects of calcium. The 
total amount of calcium given to any animal did 
not exceed 0.5 gm administered over a 60- 
minute interval. Different administration modes 
resulted in significant differences in the degree 
of hemodynamic protection conferred by cardi- 
oplegic solution. A continuous infusion of 240 
m] per hour was inadequate under normother- 
mic conditions. A bolus injection of 150 to 200 
ml every 30 minutes provided modest protec- 
tion hemodynamically and morphologically. 
The volumes for infusion were selected on the 
basis of 1.5 to 2.0 ml per injection per gram of 
estimated heart weight, in keeping with that 
reported in many clirical studies. Although 
bolus of cardioplegic sclution provided modest 
protection during normothermia, the best re- 
sults in both administration modes were ob- 
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tained with solutions containing nifedipine. 
Additionally, the final values and the responses 
to volume loading were better with bolus injec- 
tions in comparison with the continuous mode 
for all groups. 

Initially, in this normothermic study we used 
nifedipine at an intravenous dose of 20 ug per 
kilogram prior to clamping the aorta, and then 
gave a constant infusion of 5 ug per kilogram 
per hour at an infusion rate of 50 ml per hour 
into the aortic root. This regimen was identical 
to that used in our study [6] involving 2-hour 
global ischemia. In 17 normothermic dogs we 
found that there was no statistically significant 
difference between the SWI of hearts treated 
with nifedipine at the above dosage and that of 
hearts treated with a similar quantity of saline 
solution. Individual tracings of all animals were 
carefully analyzed. In the postischemic phase 
after discontinuation of cardiopulmonary by- 


pass, there was a marked difference in the 


left ventricular pressure tracing of those ani- 
mals receiving nifedipine and those that re- 
ceived saline solution. Characteristically, the 
animals receiving nifedipine at a rate of 5 ug 
per kilogram per hour (2 to 3 ug/ml) after a pre- 
ischemic load dose of 20 ug per kilogram, had a 
very low left ventricular end-diastolic pressure, 
which frequently approached zero, and de- 
pressed mean arterial pressure, peak left 
ventricular pressure, and maximal positive 
dP/dt with a normal negative dP/dt. In contrast, 
the animals given saline solution had a twofold 
to threefold elevation of left ventricular end- 
diastolic pressure and a decreased negative 
dP/dt. This suggested to us that too much drug 
had been given during the preischemic or 
intraischemic intervals. Consequently, we 
eliminated the preischemic dose and decreased 
the concentration of nifedipine to 0.100 to 0.200 
uU glml. We found that a concentration of 0.15 to 
0.2 ug/ml effectively preserved myocardial con- 
tractility after 1 hour of global ischemia at nor- 
mothermia. As yet unexplored are concentra- 
tion ranges below 0.1 or above 0.2 yg/ml, 
different constant infusion, rates between 50 
and 240 ml per hour and greater, bolus volumes 
greater than 200 ml, or bolus injection durations 
of more than 120 seconds. 

Equally important in the use of this drug is 
the extreme care required to avoid any light 


during preparation or infusion of the ni- 
fedipine solution. Unpublished data from the 
Bayer Company in Wuppertal, West Germany, 
demonstrate that approximately 5096 of the ac- 
tivity of the drug is lost in 3 minutes when ex- 
posed to normal laboratory lighting conditions 
at room temperature. Our preoperative meth- 
odology consists of a totally darkened room in 
which the 2 ml (200 ug) of nifedipine is re- 
moved from the vial by a calibrated notched- 
barrel syringe and placed in 1,200 ml of normal 
saline solution. The saline container is a black 
bottle which has been painted and wrapped in 
electrical tape to prevent any entry of light. All 
stopcocks are metal and the catheters used are 
opaque. 

The light sensitivity of nifedipine has a dis- 
tinct advantage. The drug is inactivated as it 
repeatedly passes through the extracorporeal 
circuit which is exposed to the fluorescent 
lighting of the operating room. Thus, systemic 
accumulation of the drug is minimized whether 
administered in bolus or continuous manner. 

A second advantage of this drug is that its - 
effects are readily reversed by the administra- 
tion of calcium chloride. Our experience with 
calcium infusions after treatment with ni- 
fedipine has shown a marked sensitivity of 
the myocardium to calcium ion. Thus, solutions 
containing dilute calcium chloride given intra- 
venously during the recovery phase counteract 
any residual myocardial depression and im- 
prove the recovery phase. 

In our view it is the concept of calcium block- 
ade during ischemia that is important, not 
necessarily the drug employed. Other calcium 
antagonists have been shown to preserve myo- 
cardial performance after ischemia and reperfu- 
sion. Lowe and associates [29, 34] have used 
verapamil successfully, and in a recent study, 
Vouhé and co-workers employed diltiazem 
[42]. 

To be emphasized is our concept of the use of 
this drug for myocardial preservation during 
cardiac operation. It is not viewed as a panacea 
but rather as an adjunct to current cardioplegic 
methods and solutions. Nifedipine in the con- 
centration used for infusion or injection into 
the aortic root during ischemia did not imme- 
diatelv stop the heart. Normothermic ischemic 
hearts continued to beat up to 15 minutes in 
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normal sinus rhythm with a subsequent decay 
of high-energy stores. Consequently, w2 con- 
sider use of this drug in conjunction with or in 
sequence to a cold cardioplegic solutioa that 
would immediately depolarize and stoo the 
heart. Nifedipine retards the abnormal influx of 
calcium into myocardial cells during isch2mia, 
and its blocking effects may persist during the 
initial.critical few minutes of reperfusion when 
accelerated intracellular accumulation of cal- 
cium is likely to occur. The use of calcium an- 
tagonists to alter abnormal transmemLrane 
fluxes during ischemia may prove useful in the 
future in extending the "safe" ischemic interval 
in the clinical setting. 
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Discussion 

DR. SIDNEY LEVITSKY (Chicago, IL): Dr. Clark and his 
research group have given their expected excellent 
presentation on an important area of myocardial 


protection. Their work provides data involving mea- 


sures to prevent the influx of calcium into the myo- 
cardial cell during ischemic paralysis of the calcium 
cell membrane pump precipitated by aortic cross- 
camping. During the past few years, Dr. Clark has 
concentrated on nifedipine, a slow channel blocker, 
to prevent inordinate accumulation of calcium in the 
sarcoplasmic reticulum following ischemic arrest. In 
its worst form such accumulation results in myocar- 
dial rigor associated with the so-called stone heart. 

I feel somewhat responsible for this work because 
when Dr. Clark presented a similar paper a couple of 
years ago, I criticized it on the basis that he com- 
bined hypothermia and nifedipine in one experi- 
ment. This made it impossible to determine. which 
variable was effective. 

I have a few criticisms and several questions on the 
present paper. (1) Why were continuous infusion 
groups used? Most of us use either single-dose or 
multidose cardioplegia. (2) I also question the control 
group of three separate subgroups, two of which 
contained only 2 or 3 animals. This makes it impos- 
sible to attain statistical relevance. (3) If we consider 
only the multidose group, nifedipine does not offer 
greater protection. compared with normothermic 
potassium cardioplegia in terms of dP/dt,,, (which 
is a rough measure of contractility), left ventricular 
end-diastolic pressure, or morphological analysis. 

I am not going to comment on the Frank-Starling 
curve data, since I have always had problems nor- 
malizing that type of group data for statistical 
analysis. Furthermore, methodology for this analysis 
was not provided. 

I have a general comment about the use of 

nifedipine in cardioplegic solutions. I am concernec 
about the need for a calcium infusion that appears to 
be required in order for the patient to come of 
bypass after the use of nifedipine. Since there is no 
measurable way of titrating the amount of calcium 
needed, it could flood the cell during this vulner- 
able period of reperfusion and result in a greater 
accumulation of calcium in the sarcoplasmic retic- 
ulum. 
Dr. Clark and his group are to be complimented fcr 
their efforts in opening up a new avenue of myocar- 
dial protection. I believe that eventually, slow chan- 
nel calcium blockade will enhance our present 
methods of myocardial protection and offer greater 
safety to patients with compromised ventricles. 


DR. CLAUDE M. GRONDIN (Montreal, Que, Canada): I 
congratulate Dr. Clark on his elegant presentation, 
and support the use of anticalcic agents for optirral 
myocardial protection. At the Montreal Heart Insti- 
tute, we have studied in the dog the protective effect 
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of a new anticalcic agent, diltiazem, when used as a 
cardioplegic agent instead of potassium cuoride. 
Sixteen dogs underwent 2 hours of aortic camping 
and protection by cold cardioplegia with po-assium 
chloride in Group 1 or cold cardioplegia with dil- 
tiazem in group 2. Septal temperature was kept 
below 18°C with repeated injections of either cardio- 
plegic agent, and left ventricular function wes mea- 
sured an hour after the aorta was unclamped. Left 
ventricular function returned to normal in the group 
given diltiazem but not the group with potassium. 

We challenged the dog further by creating a <linical 
stenosis on the circumflex coronary artery end re- 
peated the same 2-hour clamping in 16 additional 
dogs. One group received cardioplegia with potas- 
sium chloride—Group 3—and the other, cardio- 
plegia with diltiazem—Group 4. Again, recovery of 
function, although not completely normal wizh dil- 
tiazem, was better than with potassium chloride. 

Measurement of regional left ventricular function 
in the stenosed area showed that recovery o: both 
percentage of fiber shortening and maximal velocity 
of shortening was better in dogs with diltiazera car- 
dioplegia. We concluded that the superiority of dil- 
tiazem is particularly evident when there is impair- 
ment of coronary flow by a coronary artery stenosis 
and potential maldistribution of the cardioplegic so- 
lution. 


DR. CLARK: I thank Dr. Levitsky and Dr. Grondm for 
their questions, remarks, and criticisms. Dr. 
Levitsky has raised an important issue with re: pect 
to the most appropriate methods for the measure- 
ment of myocardial preservation. Three general ereas 
have been used for assessment of protection: incices 
of myocardial performance, biochemical charges, 
and pathological studies. Each suffers from intrmsic 
limitations and lack of preciseness. The principal 
difficulties with ventricular function curves in the in- 
tact animal are lack of measurement of compliance and 
obtaining similar heart rates, and preload and a-ter- 
load pressures before and after intervention. Force- 
velocity measurements are nonrepresentative of the 
ventricle as a whole, and do not characterize the ca- 
pacity of the heart to perform increased pressure- 
volume work in vivo. Multiple-site sampling of the 
myocardium during the course of an experiment 
suffers greatly from sampling errors. Unless a sev2re 
concentric homogeneous injury is incurred, a small 
sample of the entire left ventricular wall can be very 
misleading, revealing either complete absence or 
presence of severe injury as judged from biochemical 
or pathological studies. The study of heart slices of 
our animals has revealed the great randomness of tae 
extent and severity of injury. Finally, only when tre 
investigator finds concordant data from function, 
biochemical, and pathological studies can he be æ- 
sured of the veracity of the results. 


Dr. Levitsky asked why we would use a continu- 
ous infusion during ischemia when bolus injection is 
the clinical vogue of the day. The answer is that 
when the efficacy of a pharmacological intervention 
is under study, the number of uncontrolled variables 
during administration must be reduced to a 
minimum. Accordingly, the concentration of the 
drug in the vasculature and against myocardial 
membranes, the flow rate, pH, the washout of collat- 
eral blood, and the myocardial temperature were 
maintained as constant as possible by a continuous 
infusion. We did this because we were interested in 
the science of nifedipine, not necessarily the prac- 
ticalities of passing fashions in the operating room. 

Dr. Levitsky asked about our control groups. I 
would remind him that 1 hour of global ischemia at 
normothermia is a lethal preparation without inter- 
vention. Nearly any intervention provides some pos- 
sibility of partial recovery. There were 21 animals in 
the control groups, and of these, 18 were given con- 
tinuous infusions: 10 receiving normal saline solu- 
tion, 5 receiving normal saline solution plus 25 
mEq/L of potassium chloride, and 3 receiving Nor- 
mosol-R pH 7.4. 

The consistency of the data demonstrating marked 
left ventricular dysfunction and the difficulties en- 
countered in observing the controls for 2 hours after 
bypass without any pharmacological intervention 
made it clear that the native preparation was consis- 
tent. From a statistical viewpoint we were able to 
amalgamate all control groups. 

With regard to the calcium infusion, we used a 
very dilute solution of calcium chloride in all ani- 
mals. It was a 0.5% solution, which was given 
through a microdrip and used as the animal came off 
bypass. We followed the electrocardiogram and mea- 
sured the Q-T interval, which is prolonged in the 
presence of calcium blockade. When this interval be- 
came normal, which it usually did in about 15 min- 
utes, the calcium chloride infusion was discon- 
tinued. No measurements were made during the 
infusion of calcium chloride. 

I thank Dr. Grondin for his comments. His work 
supports the concept that by using calcium an- 
tagonists we may counteract an important path- 
ophysiological mechanism during periods of isch- 
emia and perhaps during the reperfusion interval. 
I look forward to his clinical reports. 

The intravenous form of nifedipine is available on 
an investigational basis from Bayer in West Ger- 
many. In the United States, Pfizer is handling the 
oral preparation. The intravenous form is light- 
sensitive and offers difficulties in use in the operat- 
ing room as well as the distinct advantage that it is 
degraded during passage through the bypass circuit 
and exposure to light. Thus, there is no accumulative 
systemic effect. In the future, other calcium an- 
tagonists may be introduced that will prove of value 


to patients requiring cardiac operation. 


Myocardial Revascularization 

of the Canine Circumflex Coro 

Artery Using Retrograde Internal Mammary . 
Artery Flow Without Cardiopulmonary Bypass 


John D. Folts, Ph.D., Kim P. Gallagher, Ph.D., George M. Kroncke, M.D., 


and George G. Rowe, M.D. 


ABSTRACT A new surgical technique using per- 
fusion of the circumflex coronary artery with retro- 
grade blood flow of the internal mammary artery 
(IMA) is described. This project was undertaken be- 
cause the IMA is uniquely well supplied with blood: 
proximally through its attachment to the subclavian 
artery, along the sternum by the intercostal arteries 
to the aorta, and distally from the iliac artery by the 
epigastric and musculophrenic arteries. 

In this experimental study, the IMA in 16 dogs 
was ligated and divided at the subclavian artery, 
then dissected free down along the sternum to obtain 
sufficient length. The large subclavian end was then 
anastomosed to the circumflex coronary artery using 
a metal cannula technique to perfuse the circumflex 
bed while the anastomosis was being done. In all 16 
dogs, the retrograde flow of the IMA was adequate 
to maintain the circumflex bed. It is postulated that 
this technique may have some limited use in man. 


The internal mammary artery (IMA) has been 
used for coronary artery bypass clinically since 
1968 [3, 4], shortly after the beginning of aor- 
tocoronary bypass with saphenous vein grafts 
[1, 2]. The saphenous vein graft rapidly gained 
in popularity for several reasons. The coronary 
bypass with the IMA is technically more dif- 
ficult. At times the IMA can be too short to 
reach to the desired area on the heart. Finally, 
when the distal end of the IMA is employed 
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to make the anastomosis, the lumen tends to be 
quite small and there is an abundance o: 
smooth muscle, which can lead to spasm and 
interruption of flow. 

The advantages of using the IMA when onlv 
one or two bypasses are needed are several. The 
vessels to be anastomosed are both arteries 
and tend to be comparable in size. Only the 
distal anastomosis need be done. Patency rates 
have been reported as high as 97% [9], possibly 
because the diameter of the IMA is closer to that 
of the coronary artery and, therefore, flow ve- 
locity is higher. A vein graft 6 mm in diameter 
will have a considerably lower flow velocity 
than a 2 mm IMA, provided total volume flow 
in milliliters per minute is the same in bota. 
Finally, there appears to be less subintimal 
hyperplasia or susceptibility to atherosclerosis 
in an IMA than in a vein graft [5, 8]. 

The purpose of these studies in dogs was to 
attempt a new way to use the IMA, more ccr- 
rectly called the internal thoracic artery in dogs. 
Ihe IMA is an unusual artery in that it is fed 
from its proximal end by the subclavian artery, 
through its midportions it supplies arterial 
blood to the intercostal arteries, and it anas- 
tomoses distally to the iliac artery by the 
epigastric artery and to the aorta by the mus- 
culophrenic arteries. So the IMA conceivably 
could supply blood to its diaphragmatic end by 
antegrade flow or from its subclavian end by 
retrograde flow through its extensive anas- 
tomoses. A series of experiments were per- 
formea to see if retrograde flow from the re- 
versed IMA could supply and maintain the 
dominant left circumflex artery in dogs. 


Material and Methods 
Sixteen dogs were divided equally into -wo 


groups. 
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Group 1 
Eight mongrel dogs weighing from 24 to 30 kg 
were prepared under sterile conditions. Anes- 


thesia was induced with sodium pentobarbital 


and was maintained with a Foregger anesthesia 
machine utilizing nitrous oxide and oxygen. A 
left thoracotomy was performed, and the heart, 
the left circumflex coronary artery, and the IMA 
(left internal thoracic in the dog) were exposed 
as in Figure 1A. | 

In order to avoid some of the collaterals 
which are known to develop quickly iri the dog, 
a running 2-0 suture was placed in the myocar- 
. dium equidistant from the LAD and the major 
circumflex branches to a depth of 4.to 6 mm. 
This was extended from the atrioventricular 


(AV) groove anteriorly around the apex and 


continued to the AV groove posteriorly. The 
intent was to minimize the collateral develop- 
» ment between the distribution of the left an- 
terior descending coronary artery and the cir- 
cumflex distribution, and ensure that the graft 
supply the entire needs of the circumflex bed. 
In addition, the distal right coronary artery was 
ligated. 

The IMA was ligated at the subclavian artery 
and carefully dissected distally to the level of 


the midsternum. Care was taken to prevent . 


kinking at the sternum. Also, papaverine was 
sprayed topically on the left IMA at the level of 
the sternum to reduce any spasm due to ma- 
nipulation of the graft. Blood was allowed to 
flow retrograde from the cut subclavian end 
into a graduated cylinder for 30 seconds to per- 
mit calculation of total flow per minute. The cir- 
cumflex coronary artery was dissected out for a 
distance of 2 to 3 cm near its origin. An elec- 


tromagnetic flow probe was placed on the 


proximal circumflex artery to determine resting 
flow. 

In order to avoid the cost in money and time 
of utilizing cardiopulmonary bypass, the fol- 
lowing technique was used to perfuse the cir- 
cumflex artery during the anastomosis: Several 
stainless steel cannulas are prepared as shown 
in Figure 1B. The dog is given heparin so- 


dium IV, 300 units per kilogram of body weight. 


Then a cannula of appropriate diameter is 
selected and secured in the lumen of the IMA. 


Between temporary ligatures, a slit incision is . 
made in the circumflex coronary artery where 
the anastomosis would be made. The cannula is 
then cleared of bubbles and slipped into the 


 anastomotic incision. Blood then flows from the 


left “reverse IMA” into the distal circumflex - 
bed (see Fig 1B). The anastomosis is made 
using 6-0 Prolene sutures, suturing around the 
metal cannula to ensure good patency. When - 
the anastomosis is complete, all snares are re- 
leased so blood can. flow through the normal > 
circumflex channel as well as through the graft. 
The metal cannula is: removed through a small 
incision in the reverse IMA. In most cases a 
single 6-0 Prolene mattress suture repaired this 
small cannula exit hole. The circumflex coro- 
nary artery is then permanently ligated prox- 
imal to the anastomosis and its bed becomes 
totally dependent on the reverse IMA flow. 
Protamine sulfate is used to neutralize the 
heparin. 
An deona flowmeter probe is 
placed on the graft and anchored to surround- 
ing tissue so that it does not kink the graft. 
Also, great care is taken to prevent kinking the 


graft where it leaves the sternum. À pneumatic 


occluder is also placed on the graft to provide 
for temporary occlusion to check the zero refer- 
ence, and thus to confirm the quantity and di- 
rection of blood flow. An electrocardiogram 
lead is sewed on the myocardium in the area of 
distribution of the distal circumflex artery, as 
shown in Figure 1A. Finally, catheters are im- 
planted in the graft and in the descending aorta 
for monitoring pressure using the method of 
Khouri and colleagues [7]. The wires and cath- 
eters are brought out through the chest incision 
and tunneled under the skin where they are 
exteriorized at the cervical region of the dorsal 
midline in the usual fashion. The animals were 
continuously monitored for the first 48 hours 


for reasons which will be explained later. 


Group 2 

Eight dogs were prepared as just described ex- 
cept that two weeks prior to grafting, the sec- 
ond intercostal space was entered under sterile 
conditions and the IMA was ligated at its origin 
from the left subclavian artery. The chest was 
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closed and the dog allowed to recover. These 
dogs then had the same surgical procedure as in 
Group 1. 


Results 

Group 1 

In Group 1, the retrograde free flow of b:ood 
from the distal left IMA was 39 + 24 ml/min, 
with mean aortic pressures ranging from 9) to 
122 mm Hg (110 + 16 mm Hg) and with haart 
rates ranging from 87 to 144 beats per mirute 
(122 + 19 beats per minute) (Table). The pres- 
sure gradient from the aorta to the distal IAA 
was 39 + 21 mm Hg. A representative tracing of 
normal circumflex blood flow and of circumflex 
blood flow through the graft is shown in Figure 
2. It should be noted that during systole there is 
some reverse flow from the coronary artery beck 
into the graft, shown as flow below the zero 
line. None of the dogs in Group 1 had a signiti- 
cant reactive hyperemic response to a 20-second 
complete occlusion of the graft. 

The anastomotic technique was successful in 
all 8 dogs, and the graft flow averaged 24 + 4 
ml/min during the operation. There were some 
electrocardiographic signs of ischemia but ro 


Fig 2. Representative record from a dog in Group 1. 
Epicardial electrocardiogram (ECG), aortic blood pres- 
sure, and normal circumflex coronary artery blood flow. 
are shown in panel 1. Panel 2 shows the flow through 
the graft after the reverse left internal mammary artery 
(IMA) graft is in place. Panel 3 shows disial IMA pres- 
sure with a pressure gradient of 5 mm Hg compared 
with aortic pressure. It should be noted that the graft 
flow below the zero line in panel 3 represents backflow 
of blood from the distal coronary artery into the graft. 
The ECG shows no significant change in graft flow 
compared with the control (panel 1). Panel 4 shows that 
systemic aortic pressure has returned to control levels. 
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Data for the Two Groups of Dogs 


Group 1 Group 2 

Variable (N = 8) (N = 8) 

Retrogarde IMA flow 39 + 24 A a nay? 
(ml/min) 

Control circumflex blood 30+ 8 33 11 
flow (ml/min) 

Graft flow postop 24+ 11 oo 12 
(ml/min) 

Aortic blood pressure 110 + 16 109 + 12 
(mm Hg) 

Avg distal IMA pressure 70 + 23 89 + 19 
(mm Hg) 

Avg systemic-distal 39 x 21 19 + 11 
IMA pressure gradient 
(mm HG) 

Heart rate (beats/min) 122 + 19 119 + 20 

Avg survival 2 d-9 mo  4wk-3 yr 


IMA = internal mammary artery. 


serious arrhythmias occurred during the anas- 
tomosis, which averaged 35 + 14 minutes. 
There were also no complications retrieving the 
metal cannula. The survival times of the dogs 
are shown in the Table. 

One dog died of a fatal arrhythmia five days 
after the operation. His preoperative resting 
coronary flow was 50 to 60 ml/min, and he con- 
sistently had heart rates between 110 and 140 
beats per minute. After grafting, the reverse 
IMA flow could achieve only 35 ml/min, and as 
the dog's heart rate increased, S-T segment 
deviation with multiple premature beats devel- 
oped. This in turn led to a fall in systemic pres- 
sure and a concomitant fall in distal IMA perfu- 
sion pressure, which further reduced graft flow 
to the circumflex bed. It was clear for all 8 dogs 



















= 

ü ^ 
Lll. 
UN 





TOOT ET 





¢___FLOW THROUGH IMA GRAFT—————? 


3 4 


25 Foks et al: Revascularization of Canine Circumflex Artery 


that if their blood pressure could be main- 
tained, if ventricular arrhythmias were vig- 
orously treated, and if they could be kept 
relatively inactive for the first week postoper- 
atively, they could survive with a left reverse 
IMA graft without infarction. In addition, the 
flow through the graft gradually increased with 
each week; the 4 dogs that survived six weeks 
had increased the graft flow from 24 + 11 ml/ 
min to 41 + 14 ml/min (p « 0.01). The 2 dogs 
that had the best postoperative graft flow also 
had the highest initial distal IMA pressure sug- 
gesting better retrograde collateral circulation. 

When the dog was killed or died, the right 
and left anterior coronary arteries were cannu- 
lated and injected with Evan's blue dye. There 
appearec to be no major collateral development 
feeding the distal circumflex bed presumably 
because of the long suture line placed in the left 
ventricular wall. 


Group 2 

At the time of graft operation for the Group 2 
dogs, all 8 IMA grafts were patent when cut 
away from the ligation to the subclavian artery 
and dissected down to the sternum. A repre- 
sentative tracing of the blood flow through the 
graft into the distal circumflex artery is shown 
in Figure 3. There was no substantial retrograde 
flow from the distal coronary back into the graft 


Fig 3. Epicardial electrocardiogram (ECG), aortic blood 
pressure, and graft flow in a representative dog from 
Group 2. Note that there is no more retrograde coronary 
flow with ihe onset of systole than has been reported for 
normal circumflex coronary artery blood flow. (IMA — 
internal mammary artery.) 
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in any of the 8 dogs in Group 2. In addition, 
there was a reactive hyperemic response to a 
20-second complete occlusion of the graft in 5 of 
the 8 dogs. A representative example is shown 
in Figure 4. The free flowing retrograde blood 
flow for tae Group 2 dogs prior to the anas- 
tomosis was 71 + 22 ml/min with systemic pres- 
sures and heart rates comparable to those of the 
dogs in Group 1 (see Table). The distal IMA 
blood pressure averaged 89 + 19 mm Hg. The 
average pressure gradient between the aorta 
and the distal IMA was 19 + 11 mm Hg. The 
flow in the graft after operation averaged 39 + 
12 ml/min. 

All 8 dogs survived a minimum of four 
weeks, and oniy 2 required treatment for 
ventricular arrhythmias. Four dogs survived six 
months, and 1 is still alive after three years. 
Two of 6 dogs, in which Evan's blue dye was 
injected into the right coronary and left anterior 
descending coronary artery, demonstrated 
moderate flow of dye into the distal circumflex 
bed. This suggests some collateral develop- 
ment. 


Comment 

The circumflex coronary artery in general is 
dominant in the dog. This appeared to be the 
case in all 16 of the present dogs as judged by 
gross inspection at the time of operation. The 
purpose of ligating the proximal IMA in the 
Group 2 dogs was to attempt to get a higher 
distal IMA pressure by developing increased 
collateral flow through the remaining intercos- 
tal arteries and other arteries arising from the 
distal IMA. The higher distal pressure in the 
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Fig 4. A 20-second complete occlusion of the graft using . 


the implanted pneumatic occluder shows a significant 
reactive hyperemic response. This suggests that there is 
now some arteriolar reserve due to the higher distal 
pressure and higher graft flows in the Group 2 dogs. 
(ECG = electrocardiogram; IMA = internal mammary 
artery.) 


Group 2 dogs permitted greater flows and .al- 
lowed for some arteriolar reserve, as indicated 
by the reactive hyperemic response. The su- 
ture line placed between the distal circumflex 
branches and the distal left anterior coronary 


artery appeared to prevent the development of. 


much epicardial collateral flow in 14 of 16 dogs. 
This collateral flow is known to be a problem in 
the dog. 

The metal cannula provided the necessary 
perfusion of the circumflex coronary artery 
during the anastomosis and also allowed for a 
widely patent anastomosis. Our previous expe- 
rience suggests that occluding the circumflex 
artery for more than ten minutes leads to a high 
incidence of myocardial damage, and the uni- 
form success in the present study confirmed the 
adequacy of the method of sustaining flow 
during the surgical procedure. 

There has been some suggestion that IMA 
grafts may have greater long-term patency than 
saphenous vein grafts for. coronary artery 
bypass [6], and it has been discussed whether 
this is due to selection of patients or to other 
technical factors. In any case, there are always 
some patients who have had destructive opera- 
tions done on the veins of the legs or who have 
such extensive lower extremity varicosities that 


RH 


something other than the leg veins must, be. 
sought for revascularization. In some of these 
patients, it may be difficult to reach the ste- 
nosed vessel with the IMA separated from 
the sternum in the usual way and the vessel 
may not be large enough at its end to make an 
adequate anastomosis. Perhaps in these cir- 
cumstances, the reversed IMA graft has a role to 


play. The use of the reversed left IMA for myo- 


cardial revascularization represents a new pos- 
sibility. 

The graft may well carry adequate blood flow, 
and this can be checked at operation. After the 
anastomosis has been completed, the mag- 
nitude of flow and the direction of flow can 
easily be checked with an electromagnetic 
flowmeter to ensure that there is not a "steal" of 
blood from the coronary into the distal IMA 
bed. It seems likely that the distal IMA collater- 
als in the patient would open up just as they do 
in the dog, and with time a reverse IMA graft in 
a patient may well provide increased blood 
flow. 
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Patency and Flow Response 


in Endarterectomized Coronary Arteries 
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Pablo M. Pedraza, M.D., Fred M. Blau, M.S., A. Sampathkumar, M.D., 
Linda L. Grzelak, B.S., and W. Dudley Johnson, M.D. 


ABSTRACT  Ninety patients, operated on from 
May, 1978, through June, 1979, underwent coronary 
endarterectomy and early recatheterization. Patency 
of grafts to endarterectomized arteries was 103 of 118 
(87.3%) and patency of conventional vein grafts in 
the same patients was 217 of 233 (93.196). Myocardial 
blood flow using xenon 133 washout, at rest and 
with isoproterenol-induced stress, was measured in 
7 normal coronary arteries, 28 conventional saphe- 
nous vein grafts, and 33 saphenous vein, grafts to en- 
darterectomized coronary arteries. The increase in 
myocardial blood flow, from rest to isoproterenol- 
induced stress, was comparable for the three groups. 
The endarterectomized group was divided further by 
separating out the 10 patients with heavy scarring or 
residual disease. The remaining patients had a flow 
response identical to those with conventional 
saphenous vein grafts. The rate of perioperative in- 
farction in patients receiving endarterectomy was 3 
of 113 (2.6%), as measured by appearance of new 
persistent Q waves on the serial postoperative elec- 
trocardiogram. Positive pyrophosphate scans were 
noted in 13 of 105 (12.496) patients. 

It is concluded that, in the early stages at least, 
grafts to endarterectomized coronary arteries stay 
open and perfuse the myocardium as well as con- 
ventional saphenous vein grafts unless the myocar- 
dium is heavily scarred or unless residual disease 
remains. 


It is well established that successful coronary 
bypass operation relieves angina pectoris [1] 
and improves left ventricular function [2, 3]. 
The conditions, if any, under which bypass op- 
eration prolongs life, are part of a major medical 
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controversy of our time. We believe that the 
preponderance of available data favors surgical 
treatment for two- or three-vessel disease. 
When the disease is segmental, surgical bypass 
is simple and straightforward, the graft being 
placed into a relatively undiseased section of 
artery, distal to all of the disease. If, however, 
the disease is diffuse and no section of undis- 
eased artery can be demonstrated, conventional 
bypass can be difficult or impossible. In these 
diffusely diseased vessels, with total or partial 
occlusion of the lumen, we carry out endar- 
terectomy both proximally and distally to re- 
move the majority of diseased intima. Then the 
vein graft is routinely attached to the open ar- 
tery. We believe this is the only practical way to 
handle these “inoperable” coronary arteries. 
During the last two years, about 3096 of our pa- 
tients received at least 1 coronary endarterec- 
tomy. Therefore, we can offer here short-term 
results only. 

The initial questions about coronary endar- 
terectomy include the following: 


1. Is it technically feasible? In our experience, 
yes, in almost all patients. This report de- 
scribes our technique in some detail. 

2. Do the grafts remain patent? This report 
demonstrates that early patency of grafts to 
endarterectomized arteries is comparable to 
that of conventional saphenous vein grafts in 
the same patients. 

3. Do  endarterectomized X vessels  perfuse 
myocardium effectively? Using xenon 133 
washout, we measured regional myocardial 
perfusion at rest and with isoproterenol- 
induced stress. It appears that endarterec- 
tomized vessels perfuse the myocardium as 
well as nonendarterectomized vessels, un- 
less the endarterectomy is incomplete or the 
myocardium is heavily scarred. 
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Materials and Methods 

From May 1, 1978, through June 30, 1979, 438 
patients underwent revascularization for coro- 
nary artery disease at Mount Sinai Medical 
Center, Milwaukee. There were 23 (5.2596) 
hospital deaths. Of the 438 patients, 122 
(27.85%) had coronary endarterectomy. There 
were 7 hospital deaths (5.7%) in this group. Of 
the 115 hospital survivors, 90 (78.3%) were re- 
catheterized. The other 25 refused recatheter- 
ization for personal reasons. The study group 
consisted of all 122 patients undergoing en- 
darterectomy during the 14-month period. 

Sixty-seven other patients, chosen on the basis 
of availability of facilities and personnel, were 
studied with the xenon 133 washout technique 
during rest and isoproterenol-induced stress. 
Group 1 had 7 patients suspected to have coro- 
nary artery disease. All coronary arteries ap- 
peared normal on catheterization, and xenon 
flow studies were made of 1 coronary artery. 
Group 2 consisted of 28 patients who under- 
went myocardial revascularization but not 
coronary endarterectomy. Recatheterization 
and xenon flow studies of 1 graft were done. 
Group 3 had 32 patients who underwent myo- 
cardial revascularization with coronary endar- 
terectomy. Recatheterization with xenon flow 
studies of 1 graft to an endarterectomized artery 
was done. Group 3 partially overlaps the study 
group of 122 patients. 

Our endarterectomy technique is simple 
mechanical removal of diseased intima. A lon- 
gitudinal arteriotomy is made dividing the ad- 
ventitia and media. Usually, the plane between 
the media and intima is easily identifiable with 
blunt dissection (Fig 1). Once the core of 
atheroma is dissected, gentle traction is applied 
to the distal end of the core, and countertraction 
is applied to the media distally (Fig 2). Extrac- 
tion of the proximal core is done in the same 
manner. A clean, tapered end with multiple 
side branches from secondary and tertiary 
coronary arteries is usually seen (Fig 3). When 
atheroma breaks in the center or when the end 
of the atheroma is not clean, the arteriotomy is 
extended further down into the distal part of 
the vessel or a separate distal arteriotomy is 
used to complete the endarterectomy. The pro- 
cedure is repeated until a satisfactory and com- 


plete endarterectomy is accomplished, or until 
the artery is opened for 6 to 8 cm (Fig 4). A vein 
is attached to the full length of the arteriotomy 
and connected to the aorta (Fig 5). Endarterec- 
tomy is particularly suited to revascularization 
of the septum. Figure 6 shows a core of 
atheroma emerging from the septal ostium and 
proximal left anterior descending coronary ar- 
tery simultaneously. 

The measurement of regional myocardial 
perfusion from the washout of xenon 133 has 
been described previously [4, 5]. In brief, fol- 
lowing diagnostic arteriography, a catheter is 
positioned at the origin of the coronary artery 
or bypass graft to be studied. Ten to 12 mCi cf 
xenon 133 is injected into the vessel. Xenon 
diffuses into the myocardium very rapidly, 
and the disappearance of radioactivity from the 
myocardium is a measure of capillary perfu- 
sion. The myocardial washout rate of xenon 133 
is monitored with a multiple-crystal scintilla- 
tion camera. Capillary blood flow (milliliters 
per minute per 100 gm of tissue) is calculated 
using the Kety-Schmidt formula (Fig 7). Fol- 
lowing the resting study, isoproterenol is in- 
fused to produce an increase of approximately 
50% in heart rate, and the flow study is re- 
peated. In the final analysis, a diagram of the 
coronary artery under study is superimposed 
on the computer-output matrix of the flow, and 
the regional perfusion is calculated for the area 
of myocardium perfused by the artery (Fig 8). 


Results 

Patency 

Since the internal mammary artery is used only 
rarely with endarterectomy, we have analyzed 
patency of vein grafts only. These recath- 
eterizations were all performed during the sur- 
gical hospitalization, 8 to 14 days postopera- 
tively. Table 1 compares the patency of grafts to 
endarterectomized arteries with conventional 
vein grafts. Patency rates are similar, 87.296 for 
endarterectomy and 93.1% for bypasses to rela- 
tively undiseased distal coronary arteries. 


Serial Electrocardiography and Radionuclide Scan 
Table 2 shows the results of serial 12-lead elec- 
trocardiography. Three patients exhibited new, 
significant, persistent Q waves indicative of 
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Fig 1. Core of atheroma separated from media and ad- Fig 2. Traction on the core and countertraction on the 
ventitia. media. 





Fig 3. Core of atheroma removed from the artery. 





Fig 4. Arteriotomy area following the endarterectomy. 
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Fig 5. Vein anastomosis to a long segment of the artery. 


perioperative transmural myocardial infarction. 
One of these 3 did not manifest the Q waves 
until the tenth postoperative day. The Min- 
nesota Code [6] I-1 or I-2 was used to define 
significant Q waves. 

Results of radionuclide scanning are demon- 
strated in Table 2 also. Positive scans were 
either 3* or 4* in any view, or 2° in all three 
views of a discrete area. Thirteen of 105 scans 
(12.4%) were positive. 


Myocardial Perfusion 
Table 3 shows the response of heart rate and 
systolic blood pressure in the three groups to 
isoproterenol-induced stress. Systolic blood 
pressure changed very little in any group. 
Change in heart rate was higher in Group 1 and 
similar in Groups 2 and 3. In general, the 
amount of stress was slightly higher for Group 
1 and essentially equal for Groups 2 and 3. 
Table 4 shows the response of regional myo- 
cardial blood flow to isoproterenol-induced 
stress. Group 1 showed the greatest change 
(79%) with Group 2 slightly higher (56%) than 
Group 3 (43%). Table 5 shows flow response of 
Group 3 by presence or absence of distal re- 
sidual disease and scarring. In general, the 
normal coronary arteries underwent higher 
stress and had a higher flow response than 
grafted arteries. Conventional grafts and grafts 





Fig 6. Simultaneous removal of atheromatous core from 
proximal left anterior descending coronary artery and 
septal artery. 
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Fig 7. Xenon washout calculated by the Kety-Schmidt 
formula: flow (ml/100 gmimin = x X (Alp) X 100, where 
K = slope, A = partition coefficient (0.72), and p = spe- 
cific gravity of the myocardium (1.05). (CPS — counts 
per second.) 


to completely endarterectomized arteries had 
the same stress and the same flow response. 
The flow response of grafts to incomplete en- 
darterectomized arteries or heavily scarred 
muscle was lowest. 


Comment 
There has been considerable controversy about 
the benefit of coronary operation in those 
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Fig 8. Example of computer printout of xenon flow 
studies for the right coronary artery during rest and 
isoproterenol-induced stress. 


patients who have severely diffuse coronary ar- 
tery disease. Often, bypass is not considered 
for individual arteries, and occasionally, opera- 
tion is not done because of diffuse disease. It 
has long been our impression that no matter 
how diffuse the coronary artery disease, pa- 
tients can benefit from operation as long as the 
ventricular contraction is reasonably good. We 
have used endarterectomy routinely in recent 
years for diffusely diseased vessels. This study 
confirms the findings of others that early pa- 
tency of grafts to endarterectomized vessels 
equals that of conventional vein grafts [7-9]. 
The long-term patency of these grafts is un- 
known at this time. 

Although grafts remain open with endar- 
terectomy, the technique has been criticized 


Table 1. Early Patency of Grafts to 
Endarterectomized Coronary Arteries versus 
Conventional Spahenous Vein Bypass Grafts? 


Group Total Closed Patency (96) 
Conventional 233 16^ 93.1 
Endarterectomized 118 15" 87.2 

RCA 56 8 85.7 

LAD 51 rd 86.2 

Circ 1 0 100 


*Ninety patients receiving 351 vein grafts. 
bp = 0.10. 


RCA - right coronary artery; LAD - left anterior descend- 
ing coronary artery; Circ — circumflex coronary artery. 
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because of the “snowplow” phenomenon 
which is said to close off small side branches 
and prevent effective perfusion [10]. In order to 
assess the validity of this concept, we measured 
regional myocardial perfusion using xenon 133. 
Decreased response to isoproterenol-induced 
stress, seen in some patients, is related to re- 
sidual scar tissue in the myocardial wall and to 
the amount of residual disease in the distal 
coronary artery, not to endarterectomy per se. 

Coronary endarterectomy also is said to be 
associated with a high incidence of periopera- 
tive myocardial infarction. Our incidence was 
2.7% by electrocardiographic evidence and 
12.4% with radionuclide scan. If the snowplow 
effect were important, one would anticipate a 
higher infarction rate in these patients, espe- 
cially in the areas perfused by endarterec- 
tomized vessels. 

The surgical (30-day) mortality of 5.7% in 
patients undergoing endarterectomy was virtu- 
ally identical to the 5.196 mortality in patients 
with conventional grafts only, operated on dur- 
ing the same time period. A review of the 7 
hospital deaths shows nothing unusual. Two 
patients died on the operating table of severe 
left ventricular failure. One died on the fourth 
postoperative day. This patient had had a 
preoperative impending infarction, a post- 
operative myocardial infarction, and a nonoc- 
clusive mesenteric thrombosis. Another patient 
died of respiratory dysfunction of unknown 
etiology on postoperative day 7. One died on 
postoperative day 9 of left ventricular failure 
and extension of a preoperative myocardial in- 
farction. One died of a cerebrovascular accident 
and multiple organ failure on postoperative day 
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Table 2. Results of Serial Electrocardiography and Technetium $9m-labeled 
Pyrophosphate Myocardial Scanning Postoperatively 


Electrocardiography Scanning 
Records Technically 
Patient Total Available New Q Adequate Positive 
Status Patients for Review Waves Scan Done Scan? 
Refused recatheterization 25 23 123 (4.396) 20 4/20 (20%) 
Recatheterized 90 86 2/86 (2.3%) 82 9/82 (11%) 
Died in hospital © 7 4 0/4 3 0/3 
Total 122 113 3/113 (2.6%) 105 13/105 (12.4%) 


"Positive scan defined as 4* or 3* in any view, or 2* in all three views. of a discrete area. 


Table 3. Response of Heart Rate and Systolic Blood 
Pressure to Isoproterenol-induced Stress? 


Group 1 Group 2 Group 3 

Variable (n = 7) (n — 28) (n = 33) 
Heart rate (beats/min) 

Rest 77 83 

Stress 123 116 118 

-Change + SD 47 X 14 32 +9 34 + 11 
Systolic blood pressure 

(mm Hg) 

Rest 141 138 120 

Stress 146 140 125 

Change + SD 4 +11 226 TER 
an = number of vessels studied. 
SD = standard deviation. 
Table 4. Flow Response to Isoproterenol- 
induced Stress™” 

Group 1 Group 2 Group 3 

Variable (n = 7) (n = 28) (n = 33) 
Rest |... 80 79 89 
Stress 143 123 127 
Change t SD 63 X20 44419 — 384524 


?Regional myocardial perfusion (ml/min/100 gm of tissue). 
"n — number of vessels studied. 


SD — standard deviation. 


11. The seventh patient died of stroke, renal 
failure, and sepsis on postoperative day 27. An 
overall surgical mortality of 5.3% may seem 
somewhat high by today's standards until one 
considers that this mortality includes all patients 
operated on for coronary artery disease includ- 


ing those with severe left ventricular dysfunc- 


tion, left ventricular aneurysmectomy, repeat 
coronary artery operation, combined proce- 


Table 5. Flow Response in Group 3 as Shown by 
Scarring and Residual Distal Disease? 


Result Rest Isoproterenol Change” 

Without scar and with com- 90 136 45 + 23° 
plete endarterectomy (n = 22) 

With scar or incomplete 86 | 109 22 + 20* 


endarterectomy (n = 10) 


? All values ml/min/100 gm of tissue. 
"Change + siandard deviation. 
*p < 0.02. 


dures, and emergency procedures. No patient 
has been excluded for any reason. 

The details of our surgical technique contri- 
bute much to a successful endarterectomy. Pa- 
tience and persistence are two essential elements 
in the surgical treatment of diffuse coronary 
artery disease. Frequently, the atheromatous 
core emerges intact. When this occurs, less than 
a minute is added to the total operating time. 
Often, however, the core breaks off every few 
millimeters. Then it is necessary to extend the 
arteriotomy as much as 8 cm in order to remove 
a major portion of diseased intima. One endar- 
terectomy and the subsequent 16 cm suture line 
can take 45 minutes, occasionally even longer. 
Two or 3 difficult endarterectomies plus 3 or 4 
conventional grafts add up to long pump runs 
and much ischemia time. Under these condi- 
tions, all details become important, but myo- 
cardial preservation is crucial. We use inter- 
mittent ischemic arrest with 34?C total-body 
hypothermia. Hematocrit is kept in the range of 
20 to 2596, mean arterial blood pressure is kept 
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at greater than 60 torr, preferably 70, and all 
other variables are maintained in the physio- 
logical range. If an anastomosis is to take longer 
than 20 minutes, the aortic clamp is removed 
every 15 minutes for 5 minutes of reperfusion. 
Total clamp time averages 100 minutes. Occa- 
sionally, three hours of clamp time are neces- 


sary. Pump runs of five hours are common. We 


have little experience with cardioplegia, but do 
know that our incidence of perioperative myo- 
cardial infarction and CPK-MB isoenzyme rise 
are comparable to the best xeported series with 
cardioplegia. There has been some speculation 
that the cardioplegic technique may offer in- 
adequate protection where the diffuseness of 
disease prevents the cardioplegic solution from 
cooling muscle adequately. 

The results of the present study lead us to the 
following conclusions: 


1. Ead patency of vein grafts to endarterec- 
tomized vessels is comparable to con- 
ventional vein grafts. 

2. Flow response of grafts to endarterectomized 
vessels is equal to conventional grafts 
provided there is no residual distal disease 
and the myocardium is not heavily scarred. 

3. The rate of perioperative infarction is not in- 
creased with endarterectomy. 

4. Within the limits of this study, coronary en- 
darterectomy is shown to be an effective 
method for treating diffuse coronary artery 
disease. | 
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Discussion 

DR. D. CRAIG MILLER (Stanford, CA): To my knowl- 
edge, this work by Dr. Kamath and his colleagues 
from Milwaukee represents the first attempt to ob- 
jectively assess the hemodynamic functional ade- 
quacy of coronary endarterectomy. I have a few spe- 
cific questions for Dr. Kamath. This analysis of 90 
patients undergoing endarterectomy represented 
only a portion of the total patients who underwent 
angiography early after operation. To eliminate any 
possible selection bias, in what proportion of the 
total 438 patients operated on during this interval 
was coronary endarterectomy carried out? Were the 
results in the overall group comparable to those pre- 
sented today? 

Second, we are all aware of the vagaries inherent in 
the inert gas washout technique of measuring re- 
gional blood flow. I wonder how you verified the 
reproducibility of your flow measurements. Were 
count matrices from multiple injections averaged? 

Third, did the variability of your perfusion mea- 
surements preclude statistically significant differ- 
ences between the treatment groups? For example, 
were the isoproterenol-induced changes in perfusion 
significantly different between Groups 2 and 3? 
Furthermore, was Group 2 divided into subsets of 
patients (as was Group 3) with and withcut residual 
scarring or distal disease; indeed, was there any 
statistically significant difference in flow response 
between Group 2 patients who underwent bypass 
grafting alone and those patients with residual scar 
or distal disease who required endarterectomy? In 
other words, did the presence of old infarction, in- 
complete endarterectomy, or distal coronary artery 
disease really have any significant impact on the flow 
response? 
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Fourth, I would be interested to know if the results 
and conclusions would be different if the data had 
been segregated according to each individual re- 
gional coronary perfusion bed; that is, were the data 
analyzed separately according to each individual 
coronary artery with and without endarterectomy? 

Dr. Kamath’s manuscript alluded to "excellent" 
late functional results, but did not include any sup- 
porting data. I would like to submit some infor- 
mation which I believe will help answer these 
questions. The long-term clinical results in two 
concurrent, matched cohorts of consecutive patients 
undergoing myocardial revascularization with and 
without right coronary artery endarterectomy during 
a remote period (1971-1975) at Stanford Univer- 
sity Medical Center were analyzed. Eighty pa- 
tients underwent adjunctive right coronary endarter- 
ectomy and bypass grafting, in addition to 1 or more 
other bypass grafts. These were compared with a 
control group of 592 patients who underwent right 
coronary artery bypass grafting without endarterec- 
tomy in addition to 1 or more other bypass grafts. 
The two groups were statistically comparable with 
no significant differences in any preoperative clinical 
or hemodynamic variables. 

The early and late clinical results of endarterectomy 
were reviewed. Dr. Kamath’s remarkably low peri- 
operative transmural infarction rate of 2.6% in pa- 
tients undergoing endarterectomy is superior to our 
perioperative (transmural and subendocardial) in- 
farction rates of 16% for patients undergoing endar- 
terectomy and 8% for those without endarterectomy. 
Nevertheless, this difference in the incidence of 
perioperative myocardial infarction was the only 
variable in our analysis that attained statistical sig- 
nificance between the two subsets. Operative mor- 
tality was 3.8% in patients with endarterectomy, and 
2.9% in those without it. Follow-up averaged 5.7 
years for the endarterectomy subset and 4.5 years for 
the control subset: there was no difference between 
the subsets in the linearized incidence of late post- 
operative angina, myocardial infarction, or conges- 
tive heart failure. 

As for overall actuarial survival for the two sub- 
groups, there was no significant difference in sur- 


vival between patients with and those without 
endarterectomy: Actuarial survival rates 5 years 
postoperativé.y were 88 + 496 (SEM) for the endar- 
terectomy subgroup versus 85 + 2% for the control 
subgroup. 

In distinct contrast to these gratifying functional 
and survival results and to Dr. Kamath's opinion that 
late graft occlusion occurs rarely, 15 of our 80 patients 
undergoing endarterectomy later experienced re- 
crudescence of angina and were restudied. In this 
selected, symptomatic subpopulation, the patency 
rate of the right coronary artery bypass grafts (at an 
average of 3.2 years postoperatively) was only 3396. 
In the control subgroup, 114 symptomatic patients 
underwent late angiography; the patency rate of the 
right coronary artery bypass grafts (at an average of 
1.9 years postoperatively) in this selected subpopu- 
lation was also low, being 5296. However, the differ- 
ence between these two relatively low patency rates 
is not statistically significant (p > 0.05). Because only 
very small, symptomatic minorities of patients were 
restudied, it is obvious that no conclusive general 
statements ccncerning late graft patency are possible. 

In closing, I congratulate Dr. Kamath and his asso- 
ciates for prcducing this objective report. It adds to 
our understanding of the effects of coronary endar- 
terectomy. 


DR. KAMATH: Thank you Dr. Miller for your kind re- 
marks. The incidence of endarterectomy was 122 of 
438 (27.85%). The results of the overall group were 
similar to the subgroup who consented to post- 
operative angiography. Because of the time involved 
and the radiation hazard, we deem it imprudent to 
do multiple injections on the same patient. This is an 
inherent limitation of the technique. 

The only statistically significant difference in flow 
response was between patients with complete en- 
darterectomv and little or no scarring versus those 
with incomplete endarterectomy, scarring, or both. 
We did not investigate the effect of scarring on the 


. flow response of conventionally grafted arteries. The 


data were not analyzed by individual coronary ar- 
teries because the subgroups would be too small. 


Predictors of Perioperative Myocardial 
Infarction in Coronary Artery Operation 


Hans R. Baur, M.D., Theodore A. Peterson, M.D., Orn Arnar, M.D., 
Paul G. Gannon, M.D., and Fredarick L. Gobel, M.D. 


ABSTRACT Postoperative graft patency and thir- 
teen perioperative variables were evaluated as po- 
tential risk factors for perioperative myocardial in- 
farction (MI) in 102 consecutive patients undergoing 
coronary artery bypass grafting. Also, the incidence 
of perioperative MI and the amount of CK-MB re- 
leased in the postoperative period were compared in 
three groups of patients selected according to the 
myocardial preservation technique employed: (1) 
topical hypothermia with and (2) without aortic 
cross-clamping and (3) cardioplegia. A perioperative 
MI as detected by electrocardiogram, enzymes, and 
myocardial scintigraphy with technetium 99 devel- 
oped in 15 patients. 

Most important predictors of perioperative MI 
were found to be (1) left main and triple-vessel 
coronary artery disease, (2) a left ventricular end- 
diastolic pressure = 15 mm Hg, (3) a decreased ejec- 
tion fraction (p < 0.05), and (4) cardiopulmonary 
bypass time > 120 minutes (p < 0.01). The incidence 
of perioperative MI was 50% in patients with three 
or more risk factors and 7% in those with less than 
three risk factors (p < 0.001). Graft patency was 
similar in patients with or without perioperative MI. 
Differing myocardial preservation techniques did 
not influence CK-MB release or the incidence of 
perioperative MI. Thus, the severity of ischemic 
heart disease and the length of the cardiopulmonary 
bypass time were important predictors of periopera- 
tive MI while graft patency and myocardial preser- 
vation technique did not appear to be related to its 
incidence in this study. 


Preservation of normal myocardium is an im- 
portant goal of coronary artery bypass opera- 
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tions, yet perioperative myocardial infarction 
(MI) continues to occur in 2 to 3096 of patients 
in reported series [1, 2, 6, 12, 19, 27, 29, 35, 36, 
39, 43, 48, 50] and may prevent patients from 
receiving maximum benefit from successful 
myocardial revascularization. Mechanisms lead- 
ing to perioperative MI have not been clari- 
fied entirely, in part because the recognition 
of perioperative MI is difficult and dependent 
on the diagnostic methods utilized and the dili- 
gence with which it is sought. 

Under optimal conditions, tissue injury due 
to surgical techniques should be minimal [4] 
and other factors such as the extent of ischemic 
heart disease and degree of myocardial isch- 
emia in the perioperative period must play a 
role. Recent attention has focused on differing 
myocardial preservation techniques during op- 
eration, some of which appear to offer con- 
siderable protection from perioperative MI in 
the experimental animal as well as in humans 
[8, 9, 26, 30]. There is at present, however, no 
uniform agreement regarding the best method 
of intraoperative myocardial protection [5, 11, 
17,20, 23, 24, 28, 37, 38, 40, 41, 47, 49]. 

The incidence of perioperative MI in patients 
undergoing isolated coronary artery bypass 
grafting (CABG) has been reported to be 15% in 
this institution using very sensitive and specific 
diagnostic methods [4]. In the present pro- 
spective study, this patient population was 
evaluated (1) to identify those factors predictive 
of perioperative MI, (2) to examine the relation- 
ship between the degree of myocardial injury 
estimated by the amount of postoperative 
CK-MB release and the myocardial protection 
technique employed, and (3) to compare the in- 
cidence of early graft occlusion in patients with 
and without a perioperative MI. 


Material and Methods 
One hundred two consecutive patients with a 
mean age of 58 + 8 years who underwent 
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isolated CABG were prospectively selected 
for inclusion in this study. Two patients did 
not survive operation; in both instances, de- 
tailed results of postmortem examination were 
available. 

Unstable angina was defined as resting chest 
pain lasting for more than 20 minutes and pain 
of increasing severity and frequency, both in 
the absence of changes in serum enzyme 
values. Coronary arteriography was performed 
by the transfemoral technique with preformed 
catheters in each case. The left ventricular 
end-diastolic pressure (LVEDP) was measured 
just prior to left ventriculography through a 
fluid-filled catheter connected to a Statham 
P23Db strain gauge. The ejection fraction was 
assessed from a left ventriculogram obtained in 
the right anterior oblique projection, and a 
value of more than 6096 was considered to be 
normal. The cardiothoracic ratio was deter- 
mined from a chest roentgenogram obtained at 
the time of coronary arteriography, and car- 
diomegaly was defined as a cardiothoracic ratio 
of greater than 0.5. 

At operation, a mean bypass time of 127 
minutes was necessary to insert a mean of 2.7 
saphenous vein grafts per patient. Extra- 
corporeal flows of approximately 2.2 L/min/m? 
were used to keep the mean perfusion pressure 
between 70 and 110 mm Hg. Systemic hypo- 
thermia of 26° to 30°C, disposable bubble 
oxygenators, and moderate hemodilution were 
used in all patients. Left ventricular venting 
was performed through a catheter inserted 
through the pulmonary veins or the left atrium 
in 39 patients and through the left ventricular 
apex in 63 patients. 

Patients were divided into three groups ac- 
cording to the surgical technique employed. In 
Group 1 (60 patients), the patient was cooled 
and the heart then allowed to fibrillate spon- 
taneously. Local occlusion of the coronary ar- 
tery without aortic cross-clamping was used for 
the distal anastomosis. In Group 2 (14 patients), 
additional intermittent short-term cross-clamp- 
ing of the aorta was necessary. The mean 
total cross-clamping time was 34 minutes. In 
both groups, topical hypothermia was ac- 
complished by continuously flushing the 
pericardial cavity with Ringer’s lactate solution 


at 4°C. In Group 3 (28 patients), cardioplegic 
arrest with continuous cross-clamping was 
used (mean cross-clamp time, 61 minutes). For 
cardioplegia, Plasmalyte at 4°C was used. To 
each 1,00€ ml of Plasmalyte were added: 500 mg 
of lidocaine, 20 mEq of potassium chloride, 30 
ml of 5096 glucose, 30 mEq of bicarbonate, 1,000 
units of heparin, and 20 units of regular insu- 
lin (pH at 357°C, 7.6; osmolarity, 275 to 290 
mOsmr/L). Five hundred to 700 ml of this solu- 
tion was rapidly injected into the aortic root 
after aortic cross-clamping. After completion of 
each distal anastomosis, another 300 ml was 
injected. This resulted in an initial septal tem- 
perature of 12°C, which increased to 20°C at the 
time of the subsequent injection. 

The occurrence of perioperative MI was eval- 
uated in each patient by electrocardiography, 
myocardia: scintigraphy with technetium 99, 
and serial determinations of serum glutamic 
oxaloacetic transaminase and lactic dehydrog- 
enase isoenzymes, as previously reported [4]. 
CK-MB isoenzymes were analyzed with a very 
sensitive anc precise ion exchange column 
chromatography method [45, 52] preoperatively, 
postoperatively, at 6-hour intervals up to 36 
hours, and again at 60 hours following opera- 
tion. Total CK-MB release was expressed as a 
concentration time integral over the first 36 
hours postoperatively, as previously described 
[4]. A perioperative MI was considered to be 
present when the CK-MB peak value exceeded 
the mean value + 2 standard deviations of a 
control group of 10 patients without coronary 
artery disease who underwent closure of an 
atrial septal defect or mitral valvotomy for mi- 
tral stenosis, and when two or more of the 
other laboratory tests were suggestive of myo- 
cardial necrosis [4]. 

Differences between groups were statistically 
analyzed by the unpaired t test or by the chi- 
square test, and standard statistical methods 
were used [22, 44]. Multivariate analysis was 
done using a logistic model [51]. 


Results 

A perioperative MI occurred in 15 of the 102 
patients, and saphenous vein grafts were 
fashioned to all arteries supplying the infarcted 
areas. Table 1 indicates clinical and laboratory 
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Table 1. Clinical and Angiographic Variables? 


Groups of Patients 


Absence of 
Periop MI Periop MI 
Variable (N = 15) (N = 87) p Value 
Mean age (yr) 59 55 NS 
NYHA Functional Class 3.60 + 0.16 3.31 + 0.09 NS 
(mean + SE) 
Unstable angina (%) | 67 53 NS 
LVEDP z 15 mm Hg (%) 60 33 «0.05 
Depressed ejection 67 34 «0.05 
fraction (96) 
Triple-vessel disease | 73 43 «0.05 
(z 7096 narrowing) (96) 
Left main coronary 27 9 «0.1 
artery disease 
(z 50% narrowing) (96) 
History of hypertension (96) 47 31 NS 
Previous MI (96) 40 38 — NS 
Cardiomegaly (roentgenogram) (96) 0 Bs NS 


"In this table, (96) = percentage of patients involved. 


MI = myocardial infarction; NS = not significant; NYHA = New York Heart Association; SE = standard error; LVEDP = 


left ventricular end-diastolic pressure. 


Table 2. Surgical Variables 


Variable 


Cardiopulmonary bypass time > 120 min 

Insertion of 3 grafts 

Fibrillating heart: topical hypothermia without aor- 
tic cross-clamping 

Fibrillating heart: topical hypothermia with inter- 
mittent aortic cross-clamping 


Continuous aortic cross-clamping with cardioplegia 


“Complete revascularization” (all arteries with 70% 
obstruction bypassed) ' 


MI = myocardial infarction; NS = not significant. 


variables obtained prior to operation. The inci- 
dence of triple-vessel coronary artery disease, 
depressed ejection fraction, and increased 
LVEDP was greater in those patients who sub- 
sequently had a perioperative MI. Left main 
coronary artery obstruction was three times 
more frequent in patients in whom a peri- 
operative MI developed, but due to its low 


Groups of Patients 


Absence of 
Periop MI Periop MI 
(N= 15). (N = 87) 
(9o of Patients) (96 of Patients) p Value 
87 l 44 <0.01 
67 36 «0.02 
47 61 NS 
20 13 NS 
33 26 NS 
87 87 NS 


prevalence, results did not reach statistical sig- 
nificance. À history of unstable angina and hy- 
pertension also occurred more frequently in the 
group with a perioperative MI, but the differ- 
ence was not statistically significant. 

Surgical variables are summarized in Table 2. 
A cardiopulmonary bypass time of more than 2 
hours and the insertion of 3 grafts occurred 
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Fig 1. Mean postperative CK-MB release and CK-MB 
peaks (+ standard error) correlated with cardiopulmo- 
nary bypass time (< 120 minutes in 51 patients, 2 120 
minutes in 51 patienis). 


Fig 2. Mean postoperative CK-MB release ana CK-MB 
peaks (+ standard error) correlated with number of 
grafts inserted (graft to 1 artery in 12 patients; to 2 ar- 
teries in 48 patients; and to 3 arteries in 42 patients). 
(NS = not significant.) 
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nearly twice as often in patients in whom a 
perioperative MI developed. No difference in 


the incidence of these infarctions was found 


when patients were selected according to myo- 
cardial preservation technique. 

The degree of myocardial injury, as assessed 
by CK-MB peak values and CK-MB time con- 
centration integrals, supported these findings. 
Multiple grafting and a prolonged cardiopul- 
monary bypass time were associated with 
significantly higher CK-MB values (Figs 1, 2), 
and this was true even when patients with a 
perioperative MI were excluded. The mode of 
myocardial preservation, on the other hand, 
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' did not influence CK-MB peak values or the de- 

gree of CK-MB release in the postoperative 
period (Fig 3). With the exception of a higher 
incidence of unstable angina in the group of 
patients receiving cardioplegia, all clinical, lab- 
oratory, and surgical risk factors were compa- 
rable in the three groups of patients operated 
on with different myocardial preservation tech- 
niques (Table 3). 

A certain degree of interdependence among 
the identified risk factors might be expected. 
Nearly all patients with triple-vessel disease re- 
ceived 3 grafts which, in turn, usually required 
a cardiopulmonary bypass time of more than 
120 minutes. Multivariate analysis confirmed 


this: the number of vessels diseased or grafted. 


did not add any risk in any given patient with a 
known cardiopulmonary bypass time. How- 
ever, the other risk factors were additive in the 
following sequence of importance: cardiopul- 
monary bypass time > ejection fraction > left 
main coronary artery diséase > LVEDP. The 
presence of at least three of these risk factors 
was associated with a 50% risk for periopera- 
tive MI in contrast to a 7% risk in those patients 
with less than three risk factors (p < 0.001). 


Fig 3, Mean postoperative CK-MB release and CK-MB 
peaks (+ standard error) correlated with the myocardial 
preservation techniques used in the three groups of pa- 
tients. (I = topical hypothermia without aortic cross- 
clamping; H = topical hypothermia with intermittent 
aortic cross-clamping; III = cardioplegia; NS = not 
statistically significant.) 
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In this patient population, a history of hy- 
pertension was present in 22 of 72 patients in 
whom ventricular fibrillation was used during 
CABG. No difference in CK-MB release could 
be found between patients with and without a 
history of hypertension. However, blood pres- 
sure control was adequate in all patients in this 
study, and electrocardiographic criteria of left 
ventricular hypertrophy were noted in only 2 
patients in the entire patient population. 

There was no significant difference in the in- 
cidence of early postoperative graft occlusion 
between those patients in whom a periopera- 
tive MI developed (796) and those in whom one 
did not (996). Seventy-seven of 78 patients 
without a perioperative MI and 11 of 15 patients 
with an infarction were studied before hospital 
discharge at approximately ten days following 
Operation. | 

With the exception of the 2 patients who died 
at operation, all patients made an uneventful 


recovery, and there was no apparent difference 


in the postoperative course in those patients 
with a perioperative MI. Long-term results, 
however, are not yet available. Evidence for 
early myocardial necrosis was present in the 2 
patients who died. 


Comment 

Results from this study indicate that severity of 
ischemic heart disease and cardiopulmonary 
bypass time were the two most important fac- 
tors influencing the occurrence of perioperative 
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Table 3. Comparison of Clinical Data and Myocardial Preservation Techniques? 


‘In this table, (%) = percentage of patients involved. 
"Topical hypothermia without aortic cross-clamping. 


Group 1° Group 2° Group 3? p 

Clinical Data (N = 60) (N = 14) (N = 28) Value 
Mean age (yr) 57 56 56 NS 
NYHA Functional Class (mean + SE) 3.20 £ 0:12 3.46 + 0.18 3.64 + 0.12 <0.05€ 
Cardiopulmonary bypass time (min + SE) 125 E06 146 + 12 121 + 8 NS 
Unstable angina (%) 47 50 71 <0.05°¢ 
History of hypertension (96) 30 43 39 NS 
Previous MI (96) 38 50 39 NS 
Cardiomegaly (roentgenogram) (96) fi 0 0 NS 
LVEDP z 15 mm Hg (96) 38 50 29 NS 
Depressed ejection fraction (96) 35 57 39 NS 
Left main coronary artery disease (z 5096 13 21 4 NS 

narrowing) (96) 
Triple-vessel disease (= 7096 narrowing) 48 50 46 NS 

(%) 
Insertion of 3 grafts (%) 37 50 39 NS 
“Complete revascularization” (96) 88 . 86 86 NS 


"Topical hypothermia with intermittent aortic cross-clamping. 


* Cardioplegia. 
*Between Groups 1 and 3. 


NYHA = New York Heart Association; NS = not significant; SE = standard error; MI = myocardial infarction; LVEDP = 


left ventricular end-diastolic pressure. 


MI. Six factors appear to predict patients at in- 
creased risk for having such an infarction. Some 
of these are additive (e.g., left main coronary 


artery disease, increased LVEDP, decreased 


ejection fraction, prolonged cardiopulmonary 
bypass time), and the presence of three of these 
factors in a patient increased the risk of a peri- 
operative MI to 50%. These findings agree, in 
general, with those of several previous reports 
[6, 21, 35]. Minor differences in results might be 
expected from differing surgical techniques and 
criteria for the diagnosis of perioperative MI [2, 
36, 48]. Although a greater percentage of pa- 
tients with a perioperative MI had a history of 
hypertension and unstable angina, the differ- 
ence did not reach statistical significance in this 
study in contrast to a previous report [6]. Sev- 
eral of the risk factors for perioperative MI al- 
ready indicated have been identified as risk 
factors for surgical mortality as well [31, 34]. 
All three myocardial preservation techniques 
applied in this study were less than ideal since 
each failed to prevent a 1596 incidence of peri- 
operative MI. We were unable to demonstrate a 
difference either in incidence of infarction or 


amount cf CK-MB release over the first 36 post- 
operative hours when patients were compared 
with regard to myocardial preservation tech- 
niques. Admittedly, this comparison is ham- 
pered by lack of randomization; however, with 
one exception. all variables analyzed suggest 
that the three groups were comparable (see 
Table 3). The myocardial preservation tech- 
nique chosen depended only on the personal 
preference of the surgeon and not on the sever- 
ity of the disease. Each surgeon used the same 
myocardial preservation technique for all of his 
patients. These results suggest that topical hy- 
pothermia without aortic cross-clamping, al- 
though perhaps less effective in lowering myo- 
cardial temperature than cardioplegia [5, 23], 
may offer myocardial protection comparable to 
cardioplegia in coronary artery bypass opera- 
tions. This mav be due, in part, to maintenance 
of coronary perfusion, which might compen- 
sate for differences in myocardial tempera- 
ture. The addition of intermittent aortic cross- 
clamping to topical hypothermia (14 patients) 
apparently did not affect the degree of protec- 
tion. Griepp and co-workers [23] demonstrated 
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that even continuous cross-clamping with local 
hypothermia is usually well tolerated if the 
heart is nearly continuously submerged in iced 
saline solution. 

Techniques to reduce myocardial injury dur- 
ing operation have been studied extensively 
both experimentally and clinically during the 
past few years [3, 5, 7-9, 11, 13-18, 20, 23-26, 
28, 30, 37, 38, 40, 41, 46, 47, 49], but at present 
there is no agreement as to which preservation 
technique offers the best myocardial protection. 
Ventricular fibrillation with coronary perfusion 
and topical hypothermia was the method cho- 
sen in 7096 of our patients. Although this 
method of protection may be less ideal, it offers 
an acceptable surgical compromise when the 
following conditions are met: first, the perfu- 
sion pressure is maintained at approximately 80 
mm Hg [3, 8, 9, 18]; second, anoxic intervals are 
kept to a minimum [15]; and third, the myocar- 
dium is not hypertrophied [26]. It may be dif- 
ficult to meet all of these conditions. Especially, 
episodes of hypoperfusion are not avoidable 
during construction of the distal anastomosis 
and during retraction of the heart. In spite of 
these problems, patients in Groups 1 and 2 
fared as well as those patients with myocardial 
protection by cardioplegia (Group 3). Topical 
hypothermia was probably an important factor 
in mitigating the effects of temporary hypo- 
perfusion [9]. 

Left ventricular hypertrophy might be ex- 
pected to lead to increased myocardial ischemia 
and necrosis when the heart is fibrillating dur- 
ing cardiopulmonary bypass, as demonstrated 
in canine studies [25, 26]. However, we were 
unable to demonstrate a difference in CK-MB 
release when Group 1 or Group 2 patients were 
selected according to the presence or absence of 
a history of hypertension. Because topical hy- 
pothermia was not used in the canine studies, 
they are not directly comparable with ours. In 
addition, the incidence of severe ventricular 
hypertrophy in this patient population must 
have been low as only 2 patients had electro- 
cardiographic evidence of ventricular hyper- 
trophy. 

The presence of perioperative MI did not 
predict bypass graft closure in this study as 
9396 of patients with an infarction had patent 


grafts. A similar result has been noted by others 
[2, 10, 48]. This suggests that perioperative 
myocardial ischemia and subsequent reperfu- 
sion through a patent graft are responsible for 
perioperative MI more frequently than isch- 
emia due to graft closure. This also is supported 
by the fact that "complete" revascularization 
did not have any influence on the incidence of , 
perioperative MI in our study (see Table 3). A - 
similar lack of correlation was found by McNeer 
and co-workers [32] who found no beneficial 
effects of "complete" revascularization on sur- 
vival or relief of angina, as had been previously 
suggested [33, 42]. 

A perioperative MI may not be a benign 
event. It can contribute to early surgical mor- 
bidity and mortality, and its long-term conse- 
quences can include depressed left ventricular 
function and congestive heart failure [6, 12, 31, 
48]. Both patients who died immediately fol- 
lowing operation had areas of myocardial ne- 
crosis scattered through the left ventricle, and it 
is likely that this contributed to the circulatory 
failure. Preoperative analysis of risk factors may 
help the surgeon and the anesthesiologist to 
predict patients at increased risk of periopera- 
tive MI and to plan the surgical procedure ac- 
cordingly. 
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New Trends in Skeletal Reconstruction 
after Resection of Chest Wall Tumors 


Patricia McCormack, M.D., Manjit S. Bains, M.D., 
Edward J. Beattie, Jr., M.D., and Nael Martini, M.D. 


ABSTRACT Involvement of the chest wall in 
malignant tumors, either primary or resulting from 
contiguous or metastatic spread, occurs in less than 
5% of thoracic malignancies. From 1963 through 
1978, 155 patients had chest wall resection in con- 
tinuity with the tumor. Eighty-five tumors were car- 
cinomas, and 70 were sarcomas. 

Since 1973 reconstruction of chest wall defects in 
12 patients has included the use of a composite of 
Marlex mesh and methyl methacrylate. It provides 
an excellent replacement both physiologically and 
esthetically. Such a reconstructed chest wall has ob- 
viated the need for postoperative respiratory sup- 
port. 

The overall mortality was 4.596 (7 out of 155). The 
5-year survival in this varied group of patients is 
2096. We believe excellent palliation can be achieved 
even in patients who are not potentially curable. 


Involvement of the chest wall in malignant 
tumors, either primary or resulting from con- 
tiguous or metastatic spread, occurs in less than 
5% of thoracic malignancies. In 1898, Parham 
[1] reported surgical resection of the chest wall 
and contiguous tumor. His success afforded the 
patients some relief from painful masses that 
frequently ulcerated and bled. Gradually, re- 
section was undertaken by others for palliation 
[2.3]. 

Staged procedures [4] sometimes were car- 
ried out to prevent respiratory insufficiency in 
the immediate postoperative period. By the 
1950s, curative resections were being done and 
various methods were used to close the result- 
ing skeletal defects [5-16]. Paradoxical respira- 
tion and the resultant respiratorv embarrass- 
ment was most frequently mentioned as the 
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major cause of postoperative morbidity and 
mortality [17-20]. Tracheostomy and respi- 
ratory support were needed in most instances. 


Material and Methods 

In 1974 Burnard and colleagues [21] published 
the results of chest wall resection in 68 patients 
who underwent operation at the Thoracic Sur- 
gical Service, Memorial Hospital, from 1963 to 
1972. The present report updates this series 
through 1978 and includes 155 patients. Chest 
wall resections for benign tumors or os- 
teomyelitis are not included, nor are the chest 
wall resections carried out by the Breast Service 
as part of an extended radical mastectomy. 

The ages of the patients ranged from 11 to 76 
years (mean age, 50 years; median age, 54 
years). There were 96 male and 59 female pa- 
tients. Four patients had two distinct chest wall 
resections. A total of 159 thoracotomies were 
done in the 155 patients. 

Table 1 delineates the type of primary chest 
wall tumors resected and the site of origin of 
those tumors metastatic to the chest wall. 
Eighty-five (55%) of the tumors were car- 
cinomas, 74% of which (63 out of 85) were pri- 
mary lung tumors. The breakdown in cell type 
reflects accurately the prevalence of primary 
lung tumors seen. Seventy (45%) of the 155 
tumors were sarcomas, and the majority of 
these (59 out of 70) arose from the chest wall. 
Osteogenic sarcoma and chondrosarcoma were 
the most common—17 and 13, respectively. 
There were 9 malignant schwannomas, 10 fi- 
brosarcomas, 4 Ewing’s sarcomas, 3 rhabdo- 
myosarcomas, and 1 each of myxosarcoma, 
lymphangiosarcoma, and plasma cell myeloma. 
The metastatic lesions were most frequently 
osteogenic sarcoma (6), fibrosarcoma (3), and 
chondrosarcoma (1). 

In the majority of patients (82 out of 155), a 
mass, with or without pain, was the presenting 
symptom. Twenty-one of the primary car- 
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Table 1. Type and Site of Origin of Chest Wall 
Tumors in 155 Patients 


No. of 
Type Patients 
Primary carcinoma of lung 63 
Epidermoid 35 
Adenocarcinoma 22 
Bronchoalveolar 
Other 
Metastatic carcinoma 22 
Breast 9 
Kidney 6 
Colon 3 
Other "4 
Sarcoma 70 
Primary 60 
Metastatic 10 


cinoma tumors were in the superior sulcus lo- 
cation, and all of these patients had arm or 
shoulder pain. Hemoptysis led to discovery of 
the tumor in less than 30% of the patients with 
carcinoma, and no symptoms were present in 
20%. In these patients, a routine chest roent- 
genogram led to the diagnosis. 

Diagnosis was reached by sputum cytology 
or bronchoscopy in 15 patients, by needle bi- 
opsy in 29, incisional biopsy in 50, and exci- 
sional biopsy at the time of definitive thoracot- 
omy in the remaining 61. Of the 21 patients 
with superior sulcus tumors, all received 
preoperative radiation therapy ranging from 
3,000 to 4,500 rads followed by resection a 
month later. Lobectomy or wedge resection in 
continuity with involved ribs was carried out in 
each instance. 

Resection of contiguous structures varied 
with the location of the tumor. Attempts to get 
free surgical margins led to the resection of 
laminae in 12 patients, pleura in 6, diaphragm 
and breast in 4 each, and the upper extremity in 
1. Pulmonary resections of a lobe, wedge, or an 
entire lung were carried out in 72 patients. 

Skeletal resection ranged from segments of 
one to as many as seven ribs, and the entire 
sternum exclusive of the manubrium. Several 
types of skeletal reconstruction were used. 
Thirty-nine patients (25%) required only mus- 
cle and skin closure over a small defect. Others 


had replacement of a larger defect by ox fascia (8 
patients) or Marlex mesh (94). Recently, one of 
us (M. S. B.) devised a “Marlex sandwich” com- 
posed of methyl methacrylate and steel mesh 
imbedded between two layers of Marlex mesh. 
This was used in 12 patients. Autotransplanta- 
tion of rib and clavicle was used in 2 patients in 
the early series, but has not been needed since 
the Marlex sandwich came into use. 

Cutaneous closure is a problem in patients 
with fungating lesions. This occurred in 16 of 
our patients. Flaps were raised utilizing the 
breast in 6 patients, bipedicle visor flaps in 3, a 
delayed unipedicle flap in 3, and a myocutane- 
ous or dectopectoral flap in 4. The omentum 
provides an excellent base for these flaps, and 
we have used it successfully in 6 patients. 

Respiratory support was needed in 20 of the 
155 patients (1396). Tracheostomy was done on 
an elective basis in 21 patients and as an 
emergency in 6. Many of the elective tracheos- 
tomies were performed to facilitate care of se- 
cretions. Since we started using the rigid Mar- 
lex sandwich for replacements of large skeletal 
defects, neither respiratory support nor tra- 
cheostomy has been required in the postopera- 
tive period. 

Other postoperative complications are listed 
in Table 2. Again, the majority of the pulmo- 


Table 2. Postoperative Complications in 155 
Patients with Chest Wall Tumors 





| No. of 
Complication Patients 
PULMONARY 
Pneumonia 8 
Air leak 3 
Atelectasis/retained secretions 13 
Respiratory insufficiency. 5 
Pleural effusion 12 
Hemothorax 3 
Pyothorax 3 
OTHER 
Wound infection 8 
Phlebitis/embolism 6 
Cardiac 7 
Miscellaneous 8 
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nary complications occurred in the earlier 
series. There were 7 operative deaths, a 4.596 
mortality. Five of the patients who died were 
from the earlier series; 4 died of pneumonia and 
1 of massive hemorrhage in an empyema cav- 
ity. In the past 5 years, there have been 2 
operative deaths in 87 patients (2%). In 1 pa- 
tient, progressive respiratory insufficiency de- 
veloped following lobectomy with resection of 
three ribs in continuity. In the other patient, an 
osteogenic sarcoma developed in an area ir- 
radiated 15 years previously because of Hodg- 
kin’s disease. This patient required resection 
of the upper three-fourths of the sternum, 
and six ribs bilaterally with the proximal 
half of both clavicles. A Marlex sandwich was 
installed, and a previously delayed full-thick- 
ness skin flap from the abdomen and based on 
the arm, was used for coverage. The patient did 
well and was weaned from the respirator 
twelve hours after operation. In three days, the 
graft sloughed and infection ensued; this led to 
death. 


Comment 

Correct diagnosis, complete surgical excision 
when appropriate, skeletal reconstruction, 
adequate skin coverage to preserve the recon- 
struction, and skilled postoperative support are 
the multidisciplinary elements essential for 
successful management of the complex problems 
encountered in skeletal reconstruction after re- 
section of chest wall tumors. When the lesion is 
small enough for complete excision to be ac- 
complished without leaving a large skeletal de- 
fect, diagnosis and treatment should be done at 
the same procedure. 

Needle biopsy of a bone tumor can be dif- 
ficult to interpret histologically. Therefore, when 
a primary chest wall tumor is quite large, an inci- 
sional biopsy is done as a separate step. When 
the diagnosis is secure, thorough evaluation is 
planned carefully prior to definitive operation. 
This includes consultation with all disciplines. 
Plastic reconstruction can require specialized skin 
flaps. Neurosurgical consultation is required for 
tumors encroaching on the spine. When complete 
excision is limited by proximity to vital struc- 
tures, the radiation therapist is needed for in- 
ternal radiation by implantation of radioactive 


iodine seeds. Pulmonary hygiene and proper 
breathing and coughing techniques taught by a 
respiratory therapist carry the patient through the 
postoperative phase much more easily. 

Diagnosis of the superior sulcus tumor is 
made by percutaneous needle biopsy. Follow- 
ing this, preoperative treatment with radiation 
therapy is carried out. One month later, surgi- 
cal excision of the tumor and involved ribs 
takes place. These tumors can affect important 
anatomical structures of the thoracic inlet. Im- 
plantation of tumor invading the brachial 
plexus or artery has yielded good results and 
spared amputation [22]. The limiting factor is 
spine involvement. 

Involvement of the diaphragm poses a recon- 
structive problem in securing adequate closure 
and preventing paradoxical movement. Re- 
suturing to reconstructed chest wall or replace- 
ment of the defect with Marlex mesh has 
worked well. 

Since we began using the Marlex sandwich, 
resection of the entire sternum or of half of the 
sternum and adjacent ribs bilaterally has been 
accomplished without the usually anticipated 
postoperative complications due to flail chest 
wall. The patients have all been extubated when 
conscious in the early postoperative period. 
To construct the Marlex sandwich, two pieces 
of Marlex mesh are cut slightly larger than the 
skeletal defect (Fig 1). The methyl methacry- 
late is mixed until it begins to set (Fig 2). Then 
it is spread with a tongue blade over one layer 
of the mesh to a size slightly smaller than the 
defect (Fig 3). Steel mesh is added to prevent 
fragmentation of the hardened methyl methac- 
rylate. The second piece of mesh is pressed into 
the paste and the "sandwich" can then be 
molded to conform to body contours (Fig 4). 
When the sandwich is hardened, it is ready to 
be sutured in place. The mesh surrounding the 
methyl methacrylate is sutured to the edge of 
the defect, preferably to the bony structures. 
Muscle and skin closures are carried out in 
routine fashion. Cosmetic results are satisfac- 
tory to both patient and surgeon. 

In analyzing survival data in chest wall 
tumors, two major considerations merit atten- 
tion. (1) Patients with fungating, painful, in- 
fected, or bleeding masses can attain marked 
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Fig 1. Chest wall defect outlined by hemostats. 
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Fig 2. Powder and liquid elements of methyl methacry- 
late are mixed until the paste is thick enough to spread. 
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Fig 3. Thick paste is spread on Marlex mesh and steel 
mesh. 
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Fig 4. Second layer of Marlex mesh completes the 
“Marlex sandwich." 


improvement in the quality of survival even 
when increased longevity cannot be antici- 
pated. (2) A smaller group of patients whose 
symptoms are related to compression of lung or 
other vital neurovascular structures usually in 
the thoracic inlet can show clear improvement 
in symptoms and well being when the tumors 
are resected. The results justify the procedure in 
these patients. 

Primary sarcomas of the chest wall are re- 
sected for cure. Long survival is achieved only 


100 


50 


% SURVIVING 


YEARS 


Fig 5. Cumulative 5-year survival in 155 patients with 
chest wall tumors. 


by wide excision of the tumor; persistence at 
the primary site and local recurrence constitute 
the main problems in eradication of these 
tumors. The technique reported here for im- 
mediate reconstruction and preservation of 
adequate physiological function and cosmetic 
appearance makes wide excision with adequate 
surgical margins achievable in most instances. 

Long-term survival has been seen in all the 
groups in this study. The overall 5-year cumula- 
tive survival is 20% (Fig 5). 

Twenty-three patients are alive after 5 years, 
and the origin of their primary tumor is shown 
in Table 3. Analysis by cell type showed that 
patients with primary chest wall sarcomas and 
primary lung carcinomas had a 23% 5-year 


Table 3. Tumor Type in 23 Patients with Chest 
Wall Tumors Who Survived 5 Years 


No. of 

Tumor Type Patients 
Sarcoma 11 

Chondrosarcoma 5 

Fibrosarcoma 4 

Liposarcoma 1 

Metastatic osteosarcoma 1 
Primary carcinoma of lung 10 

Adenocarcinoma 6 

Pancoast 5 

Epidermoid carcinoma 4 
Other 

Recurrent mammary carcinoma 

Metastatic renal carcinoma 1 
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cumulative survival. These statistics confirm 
our conclusion that by utilizing this readily 
available and simple method of chest wall re- 
construction, excellent palliation and cure can 
be afforded these patients. 
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Discussion 

DR. ROBERT I. MITCHELL (Toronto, Ont, Canada): I 
commend Dr. McCormack on her presentation. This 
is indeed a large experience with chest wall resec- 
tions, and the results testify to the excellence of the 
operation. 

The authors have really discussed three groups of 
diseases—carcinoma of the lung invading the chest 
wall, metastatic diseases to the chest wall, and pri- 
mary malignant chest wall tumors. There were 36 
patients with primary lung cancer invading the chest 
wall in whom pulmonary resections were under- 
taken, and it is in this group that one would expect to 
see the need for respiratory support and tracheos- 
tomy. The data dealing with tracheostomies, compli- 
cations, and the death rate relate more to the pulmo- 
nary resections than to the chest wall lesions, and I 
think it is unlikely that the chest wall resection ad- 
versely influenced these results. I think that when 
one is discussing chest wall reconstruction, it is im- 
portant to differentiate between these two points. 

With the metastatic lesions, I agree with the au- 
thors that resection is worthwhile, although short 
survival is often the result. It certainly gives excellent 
palliation in some patients with painful fungating le- 
sions. 

I was particularly interested in the primary chest 
wall malignant tumors. If one excludes those diseases 
best treated by radiation therapy and chemotherapy, 
there remains a group of chest wall tumors that re- 
spond well to surgical excision. In the present series, 
among the patients with chondrosarcomas and 
fibrosarcomas there were 9 survivors out of 23, or 
3996. 

In a small series of 5 patients with tumors greater 
than 10 cm, we have been able to achieve 5-year sal- 
vage in 4 of the patients. One of them did have a 
small recurrence at just over 5 years. 

It is important that the surgeon feel confident 
about his reconstruction of the defects following ex- 
cision of the chest wall. If he is concerned about it, he 
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will take too small a margin. This often leads to local 
recurrence and subsequent pulmonary metastases. 
Therefore, the selection of material is important. 1 
agree with the authors that ox fascia, fascia lata, car- 
tilage, and ribs are no longer appropriate; some form 
of prosthetic material is desirable. 

Although it is very natural that one should try to 
get a rigid piece of material, we have learned from 
past experience that these pieces often fragment and 
cause pain and ulceration of the overlying skin. I 
have had considerable experience with Teflon mesh, 
which is soft and has the advantage of being incorpo- 
rated in the patient's tissues by the growth of fibrous 
tissue. 

Soft Teflon mesh was used in a patient who had a 
chondrosarcoma of the sternum. Most of the sternum 
was removed except the manubrium. The defect was 
repaired with soft Teflon mesh. Five years after the 
sternum was resected, there was some paradox but 
the patient was very stable. She had no need for res- 
piratory support after the operation and has had a 
good result. 

Another patient had a lateral fibrosarcoma. He had 
a very large defect. He was involved in an au- 
tomobile accident recently and fractured the tibia 
and fibula, so we know he can stand some physical 
contact. He has a fairly marked paradox 7 years after 
resection, but a good result nevertheless. 

I have not used the Marlex sandwich described by 
Dr. McCormack and colleagues. How well is it ac- 
cepted by the patients, particularly since the "meat" 
in this sandwich, being a solid piece of plastic, is not 
infiltrated by fibrous tissue? Would she detail the 
follow-up on the 12 patients in whom this material 
was used and tell us if there have been any prob- 
lems? 


DR. PAUL A. THOMAS (Chicago, IL): I have a clinical 
illustration that complements the results achieved by 
Dr. McCormack and her co-workers. Recently | 
treated a 70-year-old patient with a moderately large 
chondrosarcoma of the sternum, which necessitated 
complete removal of the sternum including the man- 
ubrium. It was necessary to remove the contiguous 
adherent pericardium from the anterior surface of the 
heart as well. The large anterior chest wall defect was 
reconstructed using a double thickness of Marlex 
mesh. The patient recovered without physiological 
distress or complications. This was not remarkable; 
however, the patient returned 112 years later with re- 
currence in the right anterolateral chest wall. This 
was removed by resecting the adjacent chest wall in- 
cluding three ribs. The defect was reconstructed by 
detaching a portion of the rib above to bridge and 
support a double thickness of Marlex mesh. This pa- 
tient once again recovered without physiological 
distress and has done well for the past eighteen 
months without difficulty or recurrence of chon- 
drosarcoma. 


DR. PAUL A. KIRSCHNER (New York, NY): Dr. McCor- 
mack and the Memorial Hospital group are to be 
congratulated on this beautiful presentation of their 
ingenious method of chest wall reconstruction. It ap- 
pears that two major requirements must be met in 
order to solve the problem of extensive full-thickness 
chest wall resection. The first is the use of prosthetic 
material to restore physical rigidity to the chest wall 
to obviate paradoxical motion, thus preserving pul- 
monary function. The second is to provide soft tissue 
and skin coverage to obtain integumentary integrity 
over the prosthesis. Patients who have had previous 
operation such as radical mastectomy, or who have 
large tumors involving the skin are examples of this. 

To meet the first requirement, we have employed 
as a prosthesis, a sheet of inelastic reinforced Silastic 
0.007 inches (0.175 mm) thick (manufactured by Dow 
Corning). It is sewn to the skeletal margins of the 
defect under tension, providing a taut "drumhead" 
type of patch. The Silastic sheet is inert and well tol- 
erated in the tissues, and has not been rejected or 
become infected in any of our patients. It will sup- 
port soft tissue so that integumentary integrity can 
be restored by such methods as muscle flap or trans- 
posed omentum, either of which functions well as a 
base for a skin graft. 

One of the patients was a young woman who had 
had a previous left radical mastectomy followed by 
radiotherapy. Four years later, an osteogenic sarcoma 
of the sternum developed. A total sternectomy in- 
cluding resection of the medial thirds of both clavi- 
cles and overlying full-thickness of chest wall was 
carried out. First, the huge defect was repaired with 
the Silastic sheet. Then, the opposite (right) pec- 
toralis major muscle was mobilized subcutaneously, 
sectioned at the humeral attachment, pedicled on its 
thoracoacromial vascular pedicle, and slid over to 
cover the Silastic. Finally an expanded mesh, split- 
thickness skin graft was applied to the muscle. Com- 
plete and prompt healing occurred. There was no 
paradoxical motion or pulmonary insufficiency. 


DR. D. D. MUNRO (Montreal, Que, Canada): I enjoyed 
this paper very much. I think it shows that there is 
probably no limit to the amount of chest wall that can 
be resected and the variety of materials that can be 
used. 

Since the early 1950s, I have been using a pros- 
thetic material to cover defects, large and small, in 
the chest wall. My original experience with this 
spongelike material was in extrapleural plombage for 
pulmonary tuberculosis, when I utilized it to com- 
press the lung for obliteration of open cavities. 5ome 
of you may recall using Ivalon plastic sponge for this 
purpose. My experience with this material in 60 
to 70 patents has been very gratifying. Ivalon is a 
polyvinyl sponge. It is a synthetic material made 
from polyvinyl alcohol, which has many chemical, 
physical, and physiological characteristics making it 
a very suitable prosthetic material. It is lightweight, 
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wettable, and resilient; it can be steam-sterilized, 
holds sutures well, is easily cut to any size or pattern, 
handles well, and can be sewn into a defect with a 
continuous suture abutting against the bleeding 
edges, thus promoting hemostasis. It is porous, and 
eventually fibroblasts will grow into the sponge 
framework to form a complete fibrous lacework. Iva- 
lon can be implanted in any situation intrathoraci- 
cally. I have found that the only thing necessary is a 
good covering of subcutaneous fat, muscle, and skin. 
The first patient in whom I used this material had a 
large chondrosarcoma from the anterior chest wall. It 
was completely removed and replaced by Ivalon 
sponge, strutted with two Kirschner wires. The ma- 
terial was sewn to the Kirschner wires, and the 
covering was repositioned. The patient is alive and 
well 14 years later. 

I refer you to the article by Grindlay and Waugh [1] 
from the Mayo Clinic. I think many of you would 
benefit from rereading this article. 
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DR. FERNANDO ALONSO-LEJ (Zaragoza, Spain): I com- 
pliment the authors for their excellent presentation of 
this large experience. I will explain a technique that 
my colleagues and I reported some 9 years ago in The 
Journal of Thoracic and Cardiovascular Surgery. This 
technique combines the use of Marlex mesh, acrylic 
resin, and flaps of the pectoralis muscle. 

The patient had an enormous tumor in the ster- 
num. Roentgenograms demonstrated opacification of 
practically the entire left hemithorax. We removed 
the entire sternum, the inner third of both clavicles, 
the five cartilages bilaterally, and the tumor. The 
inner portion of this tumor, measured about 23 cm in 
length. 

The first layer in the repair was the Marlex mesh, 
which we sutured to the parietal pleura, to the 
platysma muscle in the neck, and down to the dia- 
phragm. Then we molded acrylic resin to the defect. 
Four lateral extensions were wired to the clavicle 
and the ribs. Finally, the pectoralis muscles were 
mobilized and sutured together in the middle down 
to the diaphragm and up to the strap muscles. 

Chest roentgenograms showed normal anatomy. 
The cosmetic results were excellent ten days post- 
operatively. The pathological report was chon- 
dromyxoid fibroma. 

Since publishing our report of this technique, we 
have operated on 4 more patients, all with tumors of 
the sternum. We think this technique fulfills all the 
criteria. The Marlex mesh covers the space between 
the mediastinal structure and the resin, and allows 


the ingrowth of tissues filling the empty space. The 
resin gives stability and protection to the inner 
structures, provides good cosmetic results, and is 
transparent to radiological examination. Finally, the 
strap muscles and the pectoralis muscles give con- 
sistency to the repair and seal it hermetically. 


DR. JURO WADA (Tokyo, Japan): To reconstruct a chest 
wall with normal function by use of any prosthesis, it 
is of vital importance that the prosthesis be incorpo- 
rated in the patient's tissue. From my extensive expe- 
rience in reconstructing the chest wall in a sternal 
turnover operation for funnel chest deformity I rec- 
ommend using periosteum strips harvested from the 
neighboring ribs to bridge the suture line between 
the prosthesis and ribs, or as suture material. The 
strips will regenerate and contribute to better fixa- 
tion between host and prosthesis. They behave like 
the periosteum left in place after thoracoplasty for 
tuberculosis. 

Does your large prosthesis work or function well 
from the standpoint of respiratory excursions more 
than a year after operation? 


DR. BEATTIE: I thank all our discussants for their very 
interesting comments. In answer to Dr. Mitchell, 
we have had no fragmentation of the prosthesis. We 
have had no paradox and have seen no problems due 
to the technique. The real problem, of course, is have 
we cured the cancer we are treating? 

As far as the comments of Dr. Wada are concerned, 
I repeat that it is the mesh that counts. There should 
be mesh around this prosthesis because the mesh be- 
comes fibrosed and holds the prosthesis in place. 

I have an additional point. I think the results of 
23% are reasonably good with these very ill patients. 
However, better results will depend on what was 
discussed earlier regarding germ cell tumors and the 
intense multidisciplinary approach. 

I will close by commenting further on the 
follow-up of a patient discussed by Dr. Kirschner. 
The patient had a good flap, which worked very well. 
She had recurrence inside the chest. The recurrent 
tumor was deep to the sternum. A computed tomo- 
graphical scan showed the bone around the tumor. It 
had compressed the mediastinal contents pretty 
drastically. A venogram showed the tumor had in- 
vaded the junction of the innominate vein and the 
superior vena cava, and there was osteosarcoma in- 
side the vena cava. 

The front of the chest was removed. The phrenic 
nerves were dissected. There was tumor on the 
nerves, and they were afterloaded for radiotherapy. 
Iridium afterloading has been used since. With the 
“sandwich” in place, we were able to preserve Dr. 
Kirschner’s flap. 

Seven days later the patient was out of bed with no 
tracheostomy and no respirator. We hope that using 
high-dose methotrexate will bring about cure. 


Diffuse, Mixed Malignant Pleural Mesothelioma 


Ralph J. Lewis, M.D., Glenn E. Sisler, M.D., 


and James W. Mackenzie, M.D. 


ABSTRACT Forty-six patients with diffuse, mixed 
malignant pleural mesothelioma were treated be- 
tween January, 1970, and May, 1979. All had a his- 
tory of exposure to asbestos. The diagnosis was 
established by thoracentesis in 3 patients, thoracos- 
copy in 28, thoracotomy in 5, and minithoracotomy 
in 9. Mediastinoscopy was performed in 31 patients 
and bronchoscopy in 32. Mediastinoscopy was pos- 
itive in only 1 patient, and in no patient was bron- 
choscopy positive. 

Ten patients received no definitive therapy and 
survived an average of 9.1 months (1 lived for 16 
months). Thirty-one patients received chemotherapy 
and survived an average of 9.6 months, the 2 long- 
est survivors each lived for 24 months. Five patients 
appeared to have early disease and therefore under- 
went thoracotomy. In only 2 of these patients did re- 
section of all gross disease appear possible. One pa- 
tient with incomplete removal is still alive after 9 
months. The other 4 are all dead, having survived an 
average of only 6.75 months. 

We believe that pleural mesothelioma should be 
considered an unresectable neoplasm because of its 
multicentric origin and its diffusely invasive nature, 
and that attempts at partial or complete resection are 
not indicated. Until prospective, controlled studies 
demonstrate otherwise, patients with diffuse, mixed 
malignant mesothelioma should have the most be- 
nign surgical procedure necessary to establish a 
diagnosis. 


During the past few years the incidence of 
mesothelioma has increased significantly [2]. 
Usually, patients with a history of asbestos ex- 
posure and suspicious roentgenographic find- 
ings require a formal thoracotomy in order to 
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establish a tissue diagnosis [9]. Although treat- 
ment of mesothelioma rarely prolongs life, early 
diagnosis is important. When tissue confirming 
the diagnosis of mesothelioma has been ob- 
tained, a more definitive prognosis is possible. 

Because of a large asbestos industry in our 
area of practice, it has become important for us 
to differentiate asbestosis from mesothelioma. 
Since a formal thoracotomy is costly, requires 
seven to ten days of hospitalization, carries a 
small morbidity and mortality, and, in some 
patients with asbestosis might have to be re- 
peated later as roentgenographic changes occur, 
we sought less traumatic diagnostic proce- 
dures. We hoped that a tissue diagnosis could 
be established and resectable lesions differ- 
entiated from unresectable tumors by the tech- 
nique of direct thoracoscopy [7]. 

Since 1970 we have evaluated 46 consecutive 
patients with diffuse, mixed pleural mesothe- 
lioma. All were exposed to crocidolite, amosite 
and chrysolite asbestos fibers for varying 
periods of time. Often, the lesion did not ap- 
pear until 20 to 40 years after exposure. Each 
patient had annual roentgenograms to deter- 
mine the change, if any, in pulmonary fibrosis 
from the previous year. When suspicious 
roentgenographic changes were noted, patients 
were referred for further evaluation. 

There were 37 men and 9 women in our 
study, who ranged in age from 38 to 80 years. 
The lesion occurred in the right hemithorax in 
24 patients and in the left hemithorax in 22. 
Forty-four patients worked in an asbestos fac- 
tory; 2 patients merely lived in the surround- 
ing city. Initially, the pathological interpreta- 
tion was that fourteen of the mesotheliomas 
were epithelial, four were sarcomatous, and 
twenty-eight were of a mixed variety. Upon 
further review, the pathologists now believe 
all were of a mixed variety. Three patients were 
admitted in a terminal state and died within 
seven to twenty days. In the remaining pa- 
tients, survival ranged from 2 to 24 months. 
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Four patients first diagnosed in 1978 have all 
died. 

Ten patients received no radiation therapy or 
chemotherapy following tissue diagnosis, and 
average survival was 9.1 months. Thirty-one 
patients received only chemotherapy and sur- 
vived an average of 9.6 months. In 5 patients, 
resection was attempted because the lesion was 
visualized early at thoracoscopy; these patients 
survived an average of 6.75 months (Fig 1). One 
patient was refused operation because of ad- 
vanced disease but elected to undergo resection 
at another institution. He died within 4 months 
after an exploratory thoracotomy and a de- 
bulking procedure. 

In all patients, a definite diagnosis ultimately 
was made. Twenty-eight patients underwent 
thoracoscopy, 9 had a minithoracotomy, and 5 
had a formal thoracotomy. Thoracentesis con- 
firmed the diagnosis in 3 patients. In only 1 
patient was mediastinoscopy positive, and in 
no patient was bronchoscopy positive (Fig 2). 
These latter two procedures have proved unre- 
warding in the diagnosis of diffuse, mixed 
mesothelioma. In two instances, thoracoscopy 
was negative initially; however, a mesotheli- 
oma eventually developed. 


Diagnostic Techniques 

Pleural fluid was aspirated with a No. 21 nee- 
dle. The small-sized needle was used to de- 
crease the likelihood of neoplastic invasion of 
the chest wall. The pleural fluid was sent for 
cytological examination and for determination 
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DIAGNOSTIC TECHNIQUE 


Fig 2. Diagnostic technique returning positive tissue. 


of hyaluronic acid content. Thoracoscopy was 
carried out by a technique described previously 
[7]. If no free space was present, a minitho- 
racotomy was performed under endotracheal 
anesthesia. Multiple biopsies were sent for fro- 
zen-section examination. In some patients, a 
trapped lung and spaces containing fluid were 
encountered. Biopsies from these sites usually 
revealed diffuse, mixed mesothelioma. 


Case Reports 

PATIENT 1. A 48-year-old asbestos factory em- 
ployee had had pain in the right costophrenic 
area for a month. A chest roentgenogram re- 
vealed a lesion in the right costophrenic angle. 
The patient underwent a right pneumonec- 
tomy, complete pleural stripping, partial resec- 
tion of the diaphragm, instillation of a chemo- 
therapeutic agent, and postoperative cobalt 
therapy. He died 5 months following operation. 
Postmortem examination revealed diffuse, 
mixed mesothelioma involving both pleural 
cavities and the peritoneal cavity. 

PATIENT 2. A 47-year-old man was em- 
ployed as a stock boy in an asbestos factory for 
only 4 months 25 years before the onset of right 
chest pain. He underwent a right pleurectomy 
and decortication, and died 12 months later. 
Postmortem examination revealed involvement 
of both pleural cavities and the peritoneal cav- 
ity with advanced invasive, diffuse, mixed 
mesothelioma. 

PATIENT 3. A 42-year-old woman was seen 
because of nagging right chest pain. She had 
never worked in an asbestos factory but had 
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played on an asbestos dump as a child. Roent- 
genograms were made, and mesothelioma was 
suspected. After further evaluation, the patient 
underwent a right decortication and pleurec- 
tomy. She died 6 months later with diffuse, 


mixed mesothelioma involving all three 
cavities. 
PATIENT 4. A 47-year-old woman had never 


worked in an asbestos factory but as a child had 
washed the clothes of her mother who was em- 
ployed in such a factory. Because of persistent 
left lower chest pain and roentgenographic 
changes, diffuse, mixed mesothelioma was 
suspected (Fig 3). Following appropriate evalu- 
ation, the patient underwent a left decortica- 
tion, partial lung resection, and partial dia- 
phragmatic resection. She is alive 7 months 
after operation. 

PATIENT 5. A 42-year-old attorney had 
worked at an asbestos factory for only 2 months 
during a summer vacation when he was 18 
years old. Twenty-four years later, a massive 
sanguineous pleural effusion developed, which 


Fig 3. (A) In 1974, chest roentgenogram was unremark- 
able. (B) In 1978, diaphragmatic thickening and left 
costophrenic blunting were revealed. 


was drained by an intercostal tube. Cytological 
studies were negative as were bronchoscopy, 
mediastinoscopy, and thoracoscopy. The pa- 
tient was discharged and observed. Five 
months later a left pleural effusion recurred, 
and fluid from thoracentesis was diagnostic of 
diffuse, mixed mesothelioma. We advised 
against surgical resection. At another institu- 
tion, the patient underwent an attempted 
pleurectomy, which was curtailed because of 
massive hemorrhage. He required ventilator 
support for a prolonged time postoperatively 
and died 4 months after operation. 

PATIENT 6. A 62-year-old woman was em- 
ployed as a secretary in the research department 
of an asbestos factory for 40 years. Because of 
persistent, nagging, right chest pain, a chest 
roentgenogram was made and revealed right 
pleural thickening (Fig 4A). The results of bron- 
choscopy and mediastinoscopy were negative. 
Thoracoscopy permitted visualization of large 
mounds of white tissue, which involved the 
entire parietal pleura. Large masses were noted 
on the diaphragm, and multiple implants could 
be seen on the visceral pleura. Biopsies con- 
firmed diffuse, mixed mesothelioma. Because 
the lesion was obviously unresectable, the pa- 
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Fig 4. (A) Roentgenogram revealed right pleural thick- 
ening. Three months later, a roentgenogram (B) revealed 
marked progress of disease despite radiation therapy 

and chemotherapy. During this interval, the patient 
was also on a regimen of adriamycin and mithramycin. 


tient was treated with irradiation and chemo- 
therapy. There was no response to therapy 
(Fig 4B). 


Comment 

Twenty or more years following inhalation of 
asbestos fibers, a pleural neoplasm can develop 
[1]. Although clinical symptoms and roent- 
genographic findings are usually minimal, the 
disease can be widespread and unresectable 
when the subtle symptoms first occur. When 
viewed through a thoracoscope, mesothelioma 
usually appears to be multicentric in origin, in- 
volving large areas of the parietal and visceral 
pleura and diaphragm. In many instances, the 
mediastinal pleura is infiltrated with tumor. 
While extremely rigid adhesions can obliterate 
the lower pleural cavity, firm deposits of tumor 
commonly are found in the apex of the thorax. 
Multiple nodules or masses coalesce, leaving 
loculated, cystic spaces. Hemorrhage and ne- 
crosis are common. The tumor usually invades 


the lung, chest wall, and diaphragm, thereby 
eliminating any possibility of a free plane of re- 
section. 

In this series, even the tumors seen early 
were usually hopelessly unresectable as viewed 
through the thoracoscope. When the pleural 
cavity was completely obliterated, a mini- 
thoracotomy with generous pleural biopsies 
was performed to obtain tissue. On occasion, 
if fluid was present, needle aspiration was suc- 
cessful in obtaining malignant cells. In none 
of the patients discussed here was bronchos- 
copy positive. 

Mesothelioma arises most commonly from 
the pleura, although it can arise from the 
pericardium, peritoneum, and tunica vaginalis 
of the testes [6]. The mechanical properties of 
the asbestos fibers, rather than the chemical 
properties, seem to incite the tissue change. 
Fibers less than 2.5 u in diameter and 10 to 80 u 
in length can penetrate deeply into the lungs. 
Initially, the diaphragmatic and costophrenic 
areas are involved, with tumor corresponding 
to gravitational deposition of asbestos fibers. In 
some cases, a blind biopsy from the costo- 
phrenic area can return tumor, and, as the dis- 
ease progresses, tumor excrescences and inva- 
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sive adhesions can be found posteriorly and 
laterally. Whereas pleural effusion occurs early, 
later reabsorption of fluid and tumor coales- 
cence eventually obliterate the cavity and cause 
severe compression of organs; this results in 
malfunction and pain. 

In general, diffuse, mixed mesothelioma has 
a variable histological appearance. Portions of 
the tumor, often the majority of the areas ex- 
amined, have an intermix of cuboidal and 
spindle cells, usually with obvious transitions 
from one cell type to the other. The cuboidal 
cells appear mainly in small groups, forming 
glandlike spaces or cores, whereas the adjacent 
spindle cells produce sheets and, rarely, dis- 
tinct fasicles. In other areas, either the epithelial 
(tubulo-papillary) or the sarcomatous (fibrosar- 
comatous) type can predominate, occasionally 
side by side, without obvious blend:ng. In 
these areas, there is generally a considerable 
uniformity of cell morphology, but in the mixed 
areas there may be considerable pleomorphism. 

Localized, nagging, persistent pain due to 
invasion of the chest wall is the most common 
symptom. On occasion it can radiate to the arm 
and shoulder. Because of diffuse fibrosis second- 
ary to asbestosis, dyspnea often is present and 
becomes even more severe as the tumor en- 
larges and invades surrounding tissue. Termi- 
nally, the tumor debilitates the patient by com- 
pression, envelopment, and strangulation of 
organs. In this series, all patients were exposed 
to crocidilite, amosite, and chrysolite fibers. 
Although benign localized mesotheliomas have 
been reported [8], all of our patients had dif- 
fuse, mixed malignant lesions. 

Visualization by thoracoscopy consistently 
revealed the process to be much more wide- 
spread than manifested by roentgenographic or 
physical findings. It was discouraging to view 
directly the vast amount of tumor invad:ng or- 
gans throughout the thorax. The lesion arose 
from many areas and was most advanced in the 
dependent parts of the thorax. A clean resection 
or even substantial debulking was obviously 
not feasible in more than 90% of our patients. 
Four of our 5 carefully selected patients with 
apparently very early lesions underwent at- 
tempted resection, without benefit. Four of 
these patients died of massive recurrence of 


tumor after surviving an average of 6.75 
months. The fifth has widespread recurrence 15 
months after operation. One might question 
whether the pleura presents a barrier to the 
tumor, thereby impeding growth. Removing 
this barrier might enhance and permit more 
rapid spread of the tumor [5]. Our patients re- 
ceived various combinations of chemothera- 
peutic drugs and radiation therapy without 
demonstrable help. Those patients treated for 
mesothelioma following a definite diagnosis 
survived an average of 9.6 months, whereas 
those untreated survived an average of 9.1 
months. Clearly, survival did not differ signifi- 
cantly between the treated and untreated pa- 
tients. 

Other surgical groups have been more op- 
timistic regarding resection for patients with 
mesothelioma. A report by Buchart and col- 
leagues [3] in 1976 was based on experience 
with 29 patients treated by pleuropneumonec- 
tomy. There was a complication rate of 43% and 
a hospital mortality of 31%. Only 3 of their pa- 
tients survived 2 years. These authors sug- 
gested that if resection was contemplated, only 
patients with epithelial lesions should undergo 
operation. DeLaria and associates [4] recom- 
mended extrapleural pneumonectomy in se- 
lected patients with mesothelioma. Although 
their series showed a significantly improved 
operative mortality, the rapid death or recur- 
rence of disease in 5 of their 6 most recent pa- 
tients suggests that the natural course of the 
disease rather than operative intervention may 
explain the occasional long-term survivor after 
operation. This view was suggested by Elmes 
and Simpson [5] in a study of more than 300 
patients in the British Isles. The report from 
surgeons at Memorial Sloan-Kettering Cancer 
Center emphasized the importance of partial 
resection followed by external irradiation and 
systemic chemotherapy [9]. These experienced 
surgeons apparently recognized their inability 
to resect all of the tumor in the diffuse form of 
mesothelioma. It is possible that the combined 
treatment did prolong life in their patients. 
Without a properly designed prospective study, 
however, these conclusions must remain tenta- 
tive. Again, we are more inclined to attribute 
prolongation of life to patient selection and to 
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the timing of intervention in the course of the 
disease. 

We have found diffuse, mixed malignant 
mesothelioma to be a relentless process, which 
is multicentric in origin and develops in a 
metachronous fashion. It invades the chest wall 
and diaphragm, eventually enveloping organs 
within its path. Despite an acute awareness by 
physicians and despite early tissue diagnosis, 
our patients with this malignancy have not 
been helped by resection. Further, they have 
not responded greatly to chemotherapy or 
radiation therapy. 
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Discussion 

DR. ROBERT J. JENSIK (Chicago, IL): Dr. Lewis's excel- 
lent report accurately paints the dismal picture of 
mesothelioma, and I concur that it is essentially an 
incurable disease irrespective of the therapeutic ap- 
proach. Average survival reported here—9.1 months 
in untreated patients, 9.6 months in the chemother- 
apy group, and 6.75 months in those operated on— 
readily explains the therapeutic nihilism of Dr. Lewis 
and his co-authors. 

Despite the data just presented, I still believe there 
is a place for operative intervention as part of a mul- 
tidisciplinary approach for mesothelioma. In our pa- 
tients with mesothelioma seen through 1979, 


pleurectomy and decortication were done in 9 pa- 
tients. Seven are dead, with survival ranging from 2 
months to 2 years 6 months. The average survival of 
13 months, however, exceeds survival in any of the 
categories described by Dr. Lewis. Two recent pa- 
tients are alive after 7 months and 4 months. 

In recent years, we have resorted to pleuropneu- 
monectomy since 2 patients undergoing pleurec- 
tomy and decortication failed to control fluid reforma- 
tion; those 2 patients are included in our series of 
14 patients. Ten of these patients are dead, with sur- 
vival ranging from 4 months to three years 10 months 
(average survival, 14 months). Utilizing adjunctive 
chemotherapy and radiotherapy, however, 4 patients 
are alive—one at 6 years 8 months. In the most re- 
cent patient, a 2-month survivor, roentgenograms 
demonstrated a classic appearance of mesothelioma. 

Pleuropneumonectomy was performed on this pa- 
tient after preliminary scanning and initial bron- 
choscopy merely to assess the left main bronchus. 
The procedure was incomplete, but from the massive 
appearance of pleural and parenchymal disease, one 
would question whether irradiation and chemother- 
apy alone would be of any benefit. Because of the 
incomplete resection, disease at the apex will be 
treated with irradiation and subsequent chemother- 
apy. 

At Rush-Presbyterian-St. Luke's Medical Center in 
Chicago a new radiation therapy program has been 
developed. It is unique in that there is simultaneous 
movement of the radiation source and the table in an 
up and down and lateral direction. This allows 
maximum therapy to be directed toward the periph- 
ery of the chest in the anterior as well as the posterior 
aspect. Thus, in patients undergoing pleurectomy 
and decortication, lung tissue is spared the effects of 
through-and-through irradiation. 

Decision-making as to appropriate therapy for this 
disease with such poor prognosis is indeed difficult, 
and who can say whether Dr. Mackenzie's somewhat 
negative approach or our “all-out” effort is the cor- 
rect one. Perhaps, as suggested by the authors, a pro- 
spective controlled study might provide the answer. 

Until then, I believe we will pursue an aggressive 
approach. The average survival in our patients has 
been prolonged, and the 5 patients alive or having 
survived more than 2 years justify this philosophy. 
Doing no more than establishing a tissue diagnosis 
strikes me as therapeutic abandonment. 


DR. EDWARD J. BEATTIE (New York, NY): I certainly 
agree that diffuse, malignant pleural mesothelioma is 
a most serious disease but I think that operation 
should be attempted along with the other adjuvants 
Dr. Jensik just mentioned. 

In 1976, Wanebo summarized our data on 41 
patients. Chemotherapy, or chemotherapy plus 
radiotherapy, gave a median survival time of 6 
months and 10 months, respectively. However, op- 
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eration, usually pleurectomy, was aimed at stop- 
ping effusion. We added internal and external 
radiotherapy plus chemotherapy. This gave a longer 
survival (median survival, 24 months). The disease 
usually is pleural, and we try to remove all we can. 
We seldom thought it was totally removable. 

Three patients survived more than 5 years, the 
longest survival being longer than 82 months. That 
patient had a diffuse malignant mesothelioma and 
was treated with a pleurectomy. In 1967, chest roent- 
genograms were clear. Subsequently, he was treated 
with internal and external radiotherapy and chemo- 
therapy. Five years later, the tumors had continued 
to grow and had opacified the right lung. The patient 
died 61⁄2 years after pleurectomy. 


DR. EDWARD A. GAENSLER (Boston, MA): Most of the 
speakers agree that mesothelioma is one of the most 
dismal problems encountered by thoracic surgeons. 
It is not now nor likely ever will be a surgical disease. 
It has been suggested that this is because of its mul- 
ticentric origin. In our experience, neither surgical 
specimens nor autopsy material lend themselves to 
such an analysis because the disease, spreading 
along tissue planes, invariably is widespread and 
infiltrative when first recognized. Furthermore, the 
often associated multicentric plaques are difficult to 
distinguish grossly from tumor. 

There are sporadic reports of 3- or 4-year survivals 
following excisional intervention and chemotherapy. 
One must be careful before attributing these succes- 
ses to therapy. In the 65 patients we have followed, 
none have undergone extirpation and few have had 
drugs. However, there were 2 3-year and 1 4-year 
survivors. Furthermore, among the 44 patients with 
“benign asbestos effusion” whom we have followed, 
3 had mesothelioma 13, 9, and 4 years later. Perhaps 
mesothelioma sometimes grows slowly at first. 

Our results with chemotherapy, like those of Dr. 
Lewis, have been poor. When measuring increased 
longevity—in this series, two weeks on average— 
the quality of life must be considered. This appears 
to be much reduced in patients on a regimen of che- 
motherapy. 

Finally, Dr. Lewis concludes that the most benign 
surgical procedure should be used for diagnosis. For 
the sake of argument, let me suggest that any inva- 
sive procedure for diagnosis might be construed as 
meddlesome. In a person exposed to asbestos who 
has unilateral pleural thickening and effusion, the 
differential diagnosis lies between mesothelioma 
and benign asbestos effusion after the usual causes 
of effusion have been excluded. Asbestos-related 
plaques are quite harmless and are seen in more 
than 5096 of asbestos workers first exposed more 
than thirty years ago. Benign asbestos effusion is a 
self-limiting disease. Bronchogenic carcinoma with 
pleural extension and effusion is untreatable at the 
present time. Finally, diagnosis for medicolegal rea- 


sons might well be deferred in a disease with such 
a poor and brief prognosis. Therefore, until more 
promising therapy emerges, a "wait-and-see" at- 
titude might well be justified. 


DR. HAROLD C. URSCHEL, JR. (Dallas, TX): I compliment 
Dr. Lewis and his colleagues on a superb paper. 
However, I question some of their conclusions. 

Fifteen years ago, we reported a series of 28 pa- 
tients with mesothelioma and came to conclusions 
similar to those of Dr. Lewis. Since we did not per- 
form radical resection any more than Dr. Lewis and 
his associates did, I am not sure that the conclusion is 
supported by the data presented. Because of the re- 
lentless progression and almost uniformly fatal out- 
come of this disease, we thought that in younger 
people with localized disease to one pleura it might 
be amenable to what we would consider a radical re- 
section. 

Twelve years ago we operated on a young boy with 
a hemopericardium and tamponade, and malignant 
mesothelioma. We did an extensive resection, in- 
cluding total pleurectomy, and pericardial, dia- 
phragmatic, and pulmonary resection. The patient is 
still alive. Eight years ago we did a similar operation, 
and this patient survived. 

Recently we performed an extensive pleurectomy, 
pericardiectomy, diaphragmatic resection, and an 
extrapleural pneumonectomy in a 55-year-old indi- 
vidual with malignant mesothelioma. The dia- 
phragm was replaced with omentum over the liver 
and artificial dura between two layers of Marlex to 
prevent fluid escape following this procedure. The 
patient has done well for 6 months. 

I think that in selected individuals, extensive re- 
section may be appropriate. 


DR. LEWIS: I thank the discussants for their very en- 
lightening remarks. I am certainly well aware of their 
contributions in this field. 

I think that in general, however, the surgical liter- 
ature is very pessimistic about any type of resection 
for mesothelioma. There are sporadic survivors, but I 
am unaware of any major series of long-term sur- 
vivors. 

The reports of Dr. Jensik and Dr. Beattie both seem 
to favor resection for epithelial lesions. However, all 
of our patients had mixed, diffuse malignancies. 

Our overall series now numbers 153 patients if we 
consider those with pleural and with peritoneal 
tumors. At postmortem examination, we frequently 
are finding that three cavities are involved. In 
fact, we are becoming suspicious that in some pa- 
tients, the disease might start in the peritoneal cavity 
and invade the pleural cavity. It is very difficult 
to diagnose peritoneal mesothelioma short of peri- 
toneoscopy. Maybe this should be done before any 
type of pleural resection is done. Extrapleuropneu- 
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monectomy was not feasible in most of our patients 
because of heavy industrial exposure and advanced 
fibrosis of the other lung. 

As for Dr. Gaensler's questions, I think the origin 
of mesothelioma is multicentric. I have had an op- 
portunity to look, very early, with a mediastino- 
scope into the pleural cavity of most of these patients 
and visualized tumorous patches in various areas. 
The tumor had the appearance of a multicentric ori- 
gin. 

As far as meddling with these patients is con- 
cerned, there are very serious legal connotations and 
financial benefits involved for people who have 
spent a long time working in an asbestos factory. 
When they come to us, we must identify their dis- 
ease, whether it is asbestosis or mesothelioma. 

For example, a 48-year-old man had a very small 


lesion. He underwent a thoracotomy. We did an ex- 
trapleuropneumonectomy and diaphragmatic resec- 
tion. He underwent a course of chemotherapy and 
had irradiation postoperatively. We thought we had 
a cure. Five months later, the patient was dead of 
massive recurrence on the operative side. Postmor- 
tem examination revealed heavy involvement in the 
other pleural cavity and also in the peritoneal cavity. 
It may be that interruption of the pleural barrier 
hastens the spread of this disease. Perhaps the dis- 
ease seen in Piscataway, NJ, is different from that 
seen elsewhere. This is a distinct possibility, since all 
of our patients had similar exposure. 

In conclusion, we remain unconvinced that a mas- 
sive radical incomplete resection prolongs life in a 
patient with diffusely mixed malignant pleural 
mesothelioma. 


Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1982 is Au- 
gust 1, 1981. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1982 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


~~. 


Diaphragm Pacin 
in Infants and Children: 


Report of a Simplified Technique 
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Michel N. Ilbawi, M.D., Carl E. Hunt, M.D., 
Serafin Y. DeLeon, M.D., and Farouk S. Idriss, M.D. 


ABSTRACT Diaphragm pacing was used for treat- 
ing 6 infants with congenital hypoventilation 
syndrome at the Children's Memorial Hospital, 
Chicago. All patients had inadequate sleep-related 
ventilation and absent ventilatory response to hy- 
percarbia. 

A single incision was utilized to implant both 
the electrode and receiver. The phrenic nerve was 
isolated with a piece of pericardium to minimize 
injury. All infants required bilateral nerve pacing to 
obtain satisfactory ventilation (normal transcutane- 
ous measurements of partial pressure of oxygen and 
end-tidal pressure of carbon dioxide). 

The technical details described here are helpful in 
achieving successful phrenic nerve pacing in infants 
with results comparable to those reported in adults. 


Stimulation of the phrenic nerve by radio- 
frequency transmission of a programmed train 
of electrical impulses (diaphragm pacing) has 
been employed successfully in the management 
of chronic ventilatory insufficiency caused by 
congenital or acquired diseases [2-6, 14, 20]. 
The technique of diaphragm pacing in adults 
has been described thoroughly by Glenn and 
associates [5, 6, 11]. However, little is men- 
tioned in the literature concerning the technical 
details and results in infants [9, 16]. The fol- 
lowing report summarizes our experience with 
diaphragm pacing in infants and describes a 
simplified technique for the insertion of 
phrenic pacemaker electrodes and receivers. 
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Materials and Methods 

Six infants with central hypoventilation syn- 
drome were admitted to the Children's Memo- 
rial Hospital in Chicago between 1975 and 1979; 
they ranged between 1 and 4 months old except 
for a 1-year-old patient admitted following un- 
successful trials of ventilatory support during 
sleep at home. All 6 infants had a history of 
sleep-associated hypoventilation beginning in 
the neonatal period, usually within the first day 
of life. All patients were receiving mechanical 
ventilation at the time of admission to the hos- 
pital. 

The diagnosis of congenital hypoventila- 
tion syndrome was confirmed in each patient 
by measurement of hypercarbic ventilatory 
responses [9, 18]. All assessments were per- 
formed when the patient was asleep with non- 
rapid eye movement and breathing spon- 
taneously. None of the patients showed a 
substantial increase in ventilation, even with a 
maximal hypercarbic stimulus, thus establish- 
ing the diagnosis of central hypoventilation syn- 
drome. Hypoxic ventilatory responses were 
obtained in 5 infants, 3 of whom had no appre- 
ciable increase in ventilation despite signifi- 
cant hypoxemia. The other 2 had significant hy- 
poxic drive in that they were able to maintain 
end-tidal partial pressure of carbon dioxide 
(PaCO,) at less than 40 mm Hg while breathing 
15% oxygen. 

All patients were treated with bilateral 
phrenic nerve stimulation. Bipolar electrodes 
were inserted around the thoracic phrenic 
nerve and connected to receivers placed in sub- 
cutaneous pockets. An external antenna placed 
over the receiver* transmitted the programmed 
impulses. 


*Manufactured by Avery Laboratories, Farmingdale, NY. 
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Phrenic nerve pacing was initiated 10 to 14 
days following operation in each patient. The 
initial pacemaker threshold settings were de- 
termined by assessing the diaphragm move- 
ments using fluoroscopy in the first 3 patients 
seen and visually at the bedside in the last 3 
patients. The appropriate frequency and am- 
plitude requirements were established by mea- 
surement of tidal volume using a pneumotach 
system as previously reported [8]. Adequacy of 
ventilation was evaluated noninvasively using 
PaCO, and transcutaneous measurements of 
partial pressure of oxygen. In general, only 
minor adjustments were needed once appropri- 
ate pacemaker settings were established. 


Technique 

For insertion of the electrode, the patient was 
placed in the supine position. Bilateral, in- 
framammary, anterolateral, small thoracotomy 
incisions were made (Fig 1). The pleural cav- 
ities were entered through the fourth inter- 
costal space. The most cephalad segment of the 
phrenic nerve coursing over the pericardium 
was chosen. Parallel incisions about 15 mm 
long were made through the pericardium 3 mm 
on both sides of the selected nerve segment (Fig 
2). Care was taken to preserve the perineural 
blood supply and no attempt was made to dis- 
sect the nerve from the pericardium. 

The pericardium was reapproximated behind 
the isolated flap to prevent direct contact of the 
electrode with the heart and decrease the un- 
likely possibility of current-induced fibillation. 
The isolated phrenic nerve, perineural tissue, 
and pericardial flap were then placed within the 
electrode cuff (Fig 3). Traction sutures at the 
corner of the pericardial segment and at the 
posterior lip of the electrode were helpful in 
manipulating the nerve into position. The red 
marker on the electrode should be cephalad and 
the nerve should lie free within the cuff. The 
lips of the electrodes were then sutured to- 
gether. The Silastic horns of the cuff were su- 
tured to the pericardium to prevent cuff dis- 
placement, which can cause kinking or twisting 
of the nerve or its blood supply [4]. The other 
end of the electrode was exteriorized from the 
pleural cavity into the subcutaneous tissue at 
the posterior corner of the incision. 
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Fig 1. The thoracotomy incisions (I) and their relation- 
ship to the subcutaneous pockets for the receivers 
(R). 


To implant the receiver, a subcutaneous 
pocket extending inferiorly and laterally into 
the flank, was made using the same thora- 
cotomy skin incision (see Fig 1). The center of 
the pocket on one side should be at least 15 cm 
from the center of the other pocket to prevent 
cross-interference while pacing. When con- 
necting the electrode, its red marker should cor- 
respond to that on the receiver. The connection 
was secured with a ligature. The receiver was 
then inserted into its pocket. The excess elec- 
trode wire can be curled inside a Teflon bag to 
allow for growth and easy accessibility should 
replacement become necessary. 

The electrical integrity of the system was 
checked by stimulation with a sterile antenna 
prior to closure of the wounds. Nerve-electrode 
contact was assured by flooding the junction 
with saline solution. 
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Fig 2. The isolated phrenic nerve segment (n) with ad- 
jacent pericardium (PF). 


Results 
Postoperative complications included infection 
of the receiver pocket in a patient in whom a 
separate skin incision was made to create the 
subcutaneous pocket. The infection was treated 
by removing the receiver as well as the elec- 
trode and instituting appropriate antibiotics. 
Transient paralysis of the right diaphragm oc- 
curred in another patient who was operated on 
early in our experience; the phrenic nerve was 
isolated alone without a pericardial flap. 
Postoperative follow-up was available from 
two months to three years. All patients required 
simultaneous bilateral phrenic nerve pacing in 
order to achieve appropriate minute ventilation 
and blood gas values. In all patients, laryngos- 
copy and bronchoscopy confirmed the absence 
of laryngeal abduction in association with 
pacemaker-induced breaths. Hence all patients 
required tracheostomy in order to maintain an 
adequate airway during pacing. In 1 patient, 
pacing failed two months after operation. Ex- 








Fig 3. The phrenic nerve (n), perineural tissue, and 


pericardial flap (PF) placed within the pacemaker 
electrode (E). 


ploration on the nonfunctioning side revealed a 
break in the electrode wire near the receiver; 
the wire was replaced. 

There have been 3 late deaths. One patient 
died following loss of all conscious ventilatory 
drive [13]. One patient had uneventful home 
pacing during sleep for four months, but devel- 
oped an Escherichia coli meningitis. He sub- 
sequently died in irreversible coma approxi- 
mately one year after beginning pacemaker 
support. The third patient had multiple cranial 
nerve abnormalities related to Möbius’ syn- 
drome [19], and died of aspiration during sleep 
at home after two months of successful pac- 
ing. One patient remains hospitalized because 
of deficient ventilatory drive when conscious 
and secondary cor pulmonale. Currently his 
ventilatory support consists of bilateral simul- 
taneous pacing when conscious and positive 
pressure ventilation during sleep. The other 2 
patients have normal ventilatory drive while 
conscious and have maintained appropriate 
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ventilation during sleep with bilateral simul- 
taneous phrenic nerve pacing for three months 
and three years, respectively. 


Comment 
Congenital central hypoventilation syndrome is 
a well-established entity in which the basic 
defect is the lack of responsiveness of respi- 
ratory centers to carbon dioxide stimulation [5, 
7, 13, 18]. An increasing number of neonates 
with this entity are being recognized. Abnor- 
mal neurons and myelinated nerve fibers have 
been reported in the medulla of these patients 
and could explain the abnormalities in ven- 
tilatory control [9, 13]. The long-term prog- 
nosis for infants with this syndrome has been 
uniformly poor. Almost all patients reported 
have died because of progressive cor pulmonale 
resulting from chronic hypoxia [9]. 

Radio-frequency diaphragm pacing has been 
used recently in the treatment of the central 
hypoventilation syndrome [4, 9]. Its effective- 
ness in maintaining reasonably normal respi- 
ration in these patients has been demonstrated, 
and the physiological and hemodynamic 
changes it produces have been described in 
detail [1, 12]. 

There are certain technical aspects of dia- 
phragm pacing in infants and young children 
that warrant emphasis: 


1. In contrast to adults, the short, narrow neck 
of the infant is not an ideal site for electrode 
insertion. The proximity of the incision to a 
tracheostomy site in these patients makes it 
difficult to avoid contamination during op- 
eration. Moreover, Mellins and co-workers 
[15] and Glenn* reported phrenic nerve in- 
jury following insertion of the electrode in 
the cervical region in infants. We have found 
that the use of the intrathoracic portions of 
the nerve is advantageous and safe. 

2. The flimsy phrenic nerve in these infants, 
with its precarious blood supply, could be 
easily traumatized during isolation [11]. This 
is avoided by the technique of including a 
piece of pericardium with the isolated nerve 
segment [4, 22]. 


*Glenn WWL: Personal communication, 1974. 
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3. Initially in our experience, the receiver 
pocket was developed through a separate in- 
cision. Using the thoracic incision to create 
the subcutaneous pocket has proved sim- 
ple in infants. It avoids an extra scar and 
provides an intact skin over the receiver, 
thus minimizing the chances of erosion and 
infection. 


There are few drawbacks to diaphragm pac- 
ing in infants. Injury to the phrenic nerve from 
continuous pacing for more than 16 hours has 
been documented [10, 13, 17, 21]. However, 
this has not occurred in our patients since we 
limited the duration of continuous pacing to a 
maximum of 12 hours and the duration of inter- 
rupted pacing to a maximum of 18 hours in any 
24-hour period. Upper airway obstruction due 
to absent laryngeal reflexes usually occurs with 
pacing, and hence a tracheostomy is needed. 
Inadequacy of awake ventilatory control may 
Occur in some patients, necessitating additional 
daytime ventilatory support in order to prevent 
cor pulmonale. These children may ultimately 
become candidates for alternating unilateral 
phrenic nerve pacing. However, even in our 
oldest survivor (age, 3.5 years), unilateral pac- 
ing has not been successful in maintaining an 
acceptable tidal volume. A longer follow-up is 
required to determine at what age young chil- 
dren can be ventilated successfully by unilateral 
pacing as has been achieved in older patients. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery will 
give a voluntary recertification examination in 
the fall of 1981. Diplomates interested in par- 
ticipating in this examination should maintain 
a documented list of their cardiothoracic opera- 
tions performed two years prior to application 
for recertification. They should also keep a 
record of their attendance at thoracic surgical 
meetings and other continuing medical educa- 
tion activities for the two years prior to appli- 
cation for recertification. 


A recertification brochure has been prepared 
outlining the rules and requirements. It also 
contains information about applying for the 
voluntary recertification examination. The bro- 
chure has been mailed to all Diplomates except 
those certified in 1979 and 1980. If you have not 
received yours and wish a brochure, please 
write the American Board of Thoracic Surgery, 
14640 E Seven Mile Road, Detroit, MI 48205. 


Immobilization of Disc 


Heart Valves by Unraveled Sutures 


Peter J. K. Starek, M.D. 


ABSTRACT Disc immobilization by a prolapsed 
suture end was observed in a laboratory animal with 
a pivoting disc heart valve. An identical occurrence 
was experienced in a clinical situation by other in- 
vestigators. These experiences prompted a review of 
sutures and suturing techniques in implanting disc 
heart valves, in an effort to ascertain the vulnerabil- 
ity of all disc valves toward disc immobilization by 
sutures. An attempt was made to immobilize the 
discs in five currently available heart disc valves 
with prolapsed sutures under various handling con- 
ditions. Variables included the model of disc valve, 
the location of the prolapsed suture, and the type of 
suture material used. 

Our investigation showed that any of the valves 
studied can be immobilized by prolapsed sutures. 
However, this complication is avoidable if the im- 
planting surgeon adheres to a few precautionary 
suturing principles. 


A pivoting disc valve has been evaluated in the 
animal laboratory and on the clinical service at 
the University of North Carolina in Chapel Hill. 
Postmortem examination of a laboratory animal 
dying suddenly 24 hours after mitral valve im- 
plantation revealed that the valve disc was im- 
mobilized in the closed position by a prolapsed 
suture (Fig 1). Immobilization of a pivoting disc 
valve by along suture end occurred clinically in 
a patient who underwent aortic and mitral 
valve replacement at another institution. The 
incident occurred within minutes of discon- 
tinuing cardiopulmonary bypass; the situation 
was recognized and corrected by the surgeon, 
and the patient has subsequently done well.* 


From the Division of Cardiothoracic Surgery, 108 Bur- 
nett-Womack 229H, University of North Carolina School of 
Medicine, Chapel Hill, NC 27514. 
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These findings prompted a review of sutures 
and suturing techniques in implanting disc 
heart valves, in an effort to ascertain the vul- 
nerability of all disc valves toward disc im- 
mobilization by sutures. 


Method 

Five commonly used cardiovascular 2-0 sutures 
(Ticron, "silky" II Polydek, Ethibond, silk, 
Prolene) were sewn into valve sewing rings, 
and a series of twenty knots was formed with 
each type of suture. Each knot in the series con- 
sisted of three square knots. The suture ends 
were placed on slight traction, as they would be 
in the operating room, and the suture ends 
were cut with sharp scissors. The sewing ring 
with the tied knots was immersed in 37?C water 
and gently agitated for three minutes. The wet 
knots were then gently brushed with a gloved 
fingertip, as they might be during operation 
when adjacent sutures are being tied or when 
the valve is being examined. The knots were 
examined for unraveling suture ends after each 
step in the sequence outlined, and the results 
were recorded. 

Five recent models of currently available disc 
heart valves were obtained, and an attempt was 
made to immobilize the disc in each valve by 
manually prolapsing the different types of su- 
tures through the valve at different locations 
along the entire circumference of the valve ring. 
The location of the suture resulting in im- 
mobilization of the disc, the type of suture ma- 
terial used, and the frequency and ease with 
which the discs were immobilized were re- 
corded. 


Results 

The braided sutures had a tendency to unravel 
either one-half of or all of the third knot in a 
series of three square knots. Five percent of the 
Ticron sutures unraveled while the suture 
ends were being cut, and 596 more unraveled 
during agitation in 37?C water. Fifty percent of 
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Fig 1. In a laboratory animal, postmortem examination 
revealed a pivoting disc immobilized by a suture end 
prolapsed between the disc and the valve ring, as seen 
from (A) the atrial side and (B) the ventricular side of 
the valve. 


the Ticron sutures could easily be unraveled 
by a gentle brush of the gloved fingertip. 
Twenty-five percent of the "silky" II Polydek 
sutures, 15% of the Ethibond sutures, and 5% 
of the black silk sutures unraveled only with a 
gentle fingertip brushing and did not untie 
with either cutting or washing alone. The Pro- 
lene sutures did not untie at any time (Table). 

The pivoting discs in the Hall-Kaster, Om- 


niscience, Lillehei-Kaster, St. Jude, and Björk- 
Shiley valves could all be immobilized by pro- 
lapsing sutures between the disc and the valve 
ring. The propensity toward this disc immo- 
bilization varied depending on the combina- 
tion of valve model and type of suture. The 
frequency and ease with which a valve could 
be immobilized by different sutures were re- 
corded. 

The St. Jude valve could not be immobilized 
by Prolene sutures, but could be with other 
types of sutures. It was vulnerable only if the 
suture was prolapsed immediately adjacent to 
the disc pivots (Fig 2). The Hall-Kaster and 
Bjórk-Shiley valves were vulnerable to disc 


Percentage of Suture Ends Untied during Various Handling Conditions 





Suture Type 








“Silky” I 

Handling Condition Prolene Silk Polydek Ethibond Ticron 
Cutting suture ends 0 0 0 0 5 
Soaking suture knots 0 0 0 0 5 

in 37°C water 
Brushing suture knots 0 5 5 15 50 

with gloved finger 

Total percent untied 0 5 5 15 60 
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68 The Annals of Thoracic Surgery Vol 31 No 1 January 1981 






Lillehei- Kaster 


a d a 


Bjork 


N 





















Prolene rarely rarely 
Silk occasionally rarely 
Silky Polydek occasionally rarely 
Ethibond frequently occasional ly 


Ticron occasionally rarely 


Fig 2. Broken line on valves marks areas where pro- 
lapsed sutures can immobilize discs in different valve 
models. The lower panel shows the propensity toward 
disc immobilization depending on the valve model and 
sutures used. 


immobilization when sutures prolapsed any- 
where along the entire circumference of the 
valve ring. The Lillehei-Kaster and Omnisci- 
ence valves were vulnerable to suture disc im- 
mobilization when sutures prolapsed in the re- 
gion of the disc-retaining struts. 


Comment 

The pivoting disc valves have gained in popu- 
larity since the introduction of this design m 
1967 [1]. The fine hemodynamic function in 
these valves was achieved by careful engineer- 
ing, which requires machining valve rings and 
discs to close tolerance. The disc-valve-ring 
clearance, necessary to prevent regurgitant flow 
through the valve, may be only a fraction of a 
millimeter. This small disc-valve-ring clearance 
is also the ‘Achilles’ heel" of the disc valves be- 
cause this is where prolapsing sutures can 
wedge and cause disc immobilization. 

Most surgeons use braided sutures for valve 
implantation because the sutures are strong, 
flexible, and easier to handle than large 
monofilament sutures. The newer braided su- 
tures are often coated with Teflon, polybutilate, 
or silicone, thus decreasing their coefficient of 
friction and requiring multiple square knots or 
complicated knots to achieve adequate knot- 
holding strength [2]. The low coefficient of fric- 
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never frequently frequently 
occasionally occasionally rarely 

rarely occasionally rarely 
rarely frequently occasionally 
rarely occasionally rarely 





tion and suture flexibility make it possible for 
suture ends to unravel, as was demonstrated in 
the results reported here. A review of the surgi- 
cal literature reveals a variety of suture-related 
complications in heart valve replacement in- 
cluding valve dehiscence secondary to severing 
of a continuous suture, subvalvular stenosis 
from tissue growth into suture buttressing 
pledgets, and impedance of ball and disc 
occluders by sutures stretched across the valve 
outflow tract [3-6]. However, I am not aware of 
any published reports of disc valve immobili- 
zation by prolapsing sutures. With the current 
popularity of tissue valves, some surgeons have 
little experience utilizing disc valves. It is im- 
portant for cardiothoracic surgeons to know 
that an unraveled suture end fprolapsing 
through a disc valve can immobilize the disc 
and that all of the currently available disc valves 
are vulnerable to this complication. 

The St. Jude valve has two leaflets, and each 
can be immobilized by prolapsing the su- 
ture immediately adjacent to the pivot. The 
Lillehei-Kaster and Omniscience valves are 
similar in that they can be immobilized by 
prolapsing sutures near the retaining struts. 
The Bjórk-Shiley and Hall-Kaster valves are 
similar in that they can be immobilized by su- 
tures at any point along the valve ring circum- 
ference. The tendency of suture ends to wedge 
between the disc and valve ring depends on the 
cross-sectional diameter of the suture, suture 
compressibility, disc-valve-ring clearance, and 
freedom of lateral motion of the disc in the 
closed position within the valve ring. Whereas 
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Fig 3. Suturing techniques and precautions suggested to 
avoid the possibility of prolapsing suture ends between 
the disc and valve ring. 


a relatively incompressible suture is not likely 
to immobilize a valve with little lateral disc 
motion, it will immobilize valves with more 
lateral disc motion; conversely, a smaller, more 
compressible suture can wedge tightly in a 
valve with narrow disc-valve-ring clearance 
and little lateral disc motion. 

The probability that these potentially disas- 
trous complications will occur clinically is small, 
and the surgeon can prevent them by adhering 
to the following principles: 


1. Be aware of the potential problems. 

2. Cut suture ends short. 

3. Do not suture through the sewing skirt close 
to the valve ring (Fig 3A). 

4. When using simple sutures, tie knots toward 
tissue annulus (Fig 3B). 

5. Use continuous suture whenever safe and 
convenient (Fig 3C). 

6. When using horizontal mattress sutures, tie 
down suture ends with adjacent sutures (Fig 
3D). 


Disc immobilization by prolapsing sutures has 
been observed in a Hall-Kaster mitral valve im- 





planted in a laboratory animal. One clinical case 
of aortic valve disc immobilization by suture 
has been reported to me. This investigation 
shows that any of the pivoting disc heart valves 
can be immobilized by prolapsing sutures. This 
complication is avoidable if the implanting sur- 
geon adheres to a few precautionary suturing 
principles. 
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CASE REPORTS 


Repair of Combined Total 
Anomalous Pulmonary 


Venous Connection 


and Anomalous Systemic Connection in Early Infancy 


Kevin Turley, M.D., Harold Tarnoff, M.D., Rebecca Snider, M.D., 


and Paul A. Ebert, M.D. 


ABSTRACT A simple intraatrial reconstruction can 
be utilized in infants to simultaneously correct both 
the systemic and pulmonary venous returns. Two in- 
fants with polysplenia syndrome treated in the first 
months of life are presented. One had levocardia and 
combined total anomalous pulmonary venous con- 
nection (type II-Cardiac) and anomalous systemic 
venous connection. The other had dextrocardia L- 
loop, L-normal great arteries, and combined total 
anomalous pulmonary venous connection (type II- 
Cardiac) and anomalous systemic venous connec- 
tion. The posterior position of the systemic atrio- 
ventricular valve and systemic ventricle in both 
patients allowed the use of this reconstructive tech- 
nique. 

The extensive size and transverse position of this 
patch when used in the infant may require both con- 
tinued postoperative controlled ventilation unti it 
stiffens and prolonged attention to postoperative 
cardiac care until adaptation of the infant heart to the 
new atria can occur. Early restudy and reoperation 
should be performed if signs of stenosis develop. 


The combination of total anomalous pulmonary 
venous connection and anomalous systemic 
venous return is rare, with only one reported 
case of the complete defect [1]. This combira- 
tion, however, is more commonly encountered 
in patients with certain congenital syndromes 
(i.e., polysplenia), as described by Moller [2], 
Ongley [3], Stanger [7], and their colleagues. 
Such patients may be seen with multiple ve- 
nous anomalies of both the pulmonary and 
systemic systems. Repair in early infancy ‘s 
often necessary for survival [6]. Previously re- 
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ported methods of venous anastomosis and in- 
traatrial tunneling or baffling procedures can 
result in progressive stenosis or thrombosis if 
applied to the infant group [2, 4]. 

Two patients with combined total anomalous 
pulmonary venous connection and anomalous 
systemic venous connection were treated at the 
University of California, San Francisco, in 1978 
and 1979. In each, correction of this complex 
venous anomaly was necessary in the first 
months of life and was accomplished by intra- 
atrial rerouting of the pulmonary and systemic 
venous return. 


Patient 1 

A 5-day-old infant weighing 3.9 kg and 53 cm 
long was seen with a history of progressive 
cyanosis. He was a product of a full-term, un- 
complicated pregnancy, labor, and delivery, 
and was thought to be normal at birth, but on 
discharge examination a heart murmur was 
noted. When the infant returned to the hospi- 
tal, he was in moderate respiratory distress 
with a respiratory rate of 60 to 80, heart rate of 
150, and blood pressure of 60/40 mm Hg. The 
patient was dusky when crying; his lungs were 
clear to auscultation. A slightly increased right 
ventricular impulse was noted. The first heart 
sound was normal, and the second heart sound 
was narrowly split. There was a 2/6 systolic 
ejection murmur at the left upper sternal bor- 
der. There were no diastolic murmurs or gal- 
lops. The liver edge was palpable 2 cm be- 
low the right costal margin. Extremities were 
dusky but well perfused. Electrocardiogram was 
within normal limits. Chest roentgenogram 
showed moderate cardiomegaly and increased 
pulmonary vascular markings. The clinical im- 
pression was of an endocardial cushion defect 
with possible total anomalous pulmonary ve- 
nous return. Echocardiogram demonstrated 
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right and left ventricular hypertrophy, and 
no evidence of atrial septum. A goose-neck 
deformity was noted, and the pulmonary ar- 
teries appeared large. Right and left heart cath- 
eterization revealed total anomalous pulmonary 
venous connection to the right atrium, patent 
ductus arteriosus, persistent left superior vena 
cava, interrupted inferior vena cava returning 
to the left superior vena cava through the 
hemiazygos system, aortic narrowing, and a 
goose-neck deformity of the mitral mechanism. 

Under general anesthesia utilizing core- 
induced deep hypothermia without circula- 
tory arrest or cross-clamping, right atrium- 
ascending aorta cardiopulmonary bypass was 
instituted. The venous cannula was advanced 
into the left superior vena cava. Occlusion of 
the right superior vena cava and left superior 
vena cava was performed, and the right atrium 
was incised. Exploration revealed a small right 
superior vena cava, hepatic veins returning 
separately to the right atrium, anomalous pul- 
monary venous connection to the right atrium, 
residual atrial septal tissue of a primum type 
defect along the superior and posterior atrial 
wall, and a large left superior vena cava with 
communication through the hemiazygos sys- 
tem to the inferior vena cava. No coronary sinus 
was noted. 


Fig 1. Anatomy in (A) Patient 2 and (B) Patient 1. Note 
the relationship of the pulmonary and systemic veins 
and systemic atrioventricular valve and the resected 
atrial septal tissue. 
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The atrial septal tissue present was resected, 
and a transverse pericardial baffle was con- 
structed (Fig 1). This baffle allowed the complex 
systemic venous returns through the small right 
superior vena cava, hepatic vein, and the large 
left superior vena cava, which included the in- 
ferior caval return by the hemiazygos system, to 
pass over the baffle to the right-sided tricuspid 
valve and thence to the pulmonary vascular bed 
(Fig 2B). The total anomalous pulmonary ve- 
nous return was allowed to pass beneath the 
baffle through a posterior atrial chamber to the 
posteriorly positioned mitral valve and thence 
to the systemic circulation (Fig 3B). Critical to 
the construction of the posterior chamber was 
resection of the residual atrial septal tissue be- 
tween the pulmonary veins and the mitral 
valve. Following completion of the baffle pro- 
cedure, the right atriotomy was closed primar- 
ily without use of the pericardial gusset since 
the anterior chamber was noted to be quite 
adequate. 

The patient's postoperative course was com- 
plicated by the requirement for continued en- 
dotracheal intubation and ventilation. On the 
second postoperative day, extubation was at- 
tempted. Two hours after extubation, retention 
of carbon dioxide and marked bradycardia were 
noted. Chest roentgenogram revealed bilateral 
pulmonary edema (Fig 4), and reintubation was 
necessary. At that time, the partial pressure of 
oxygen was 20 mm Hg, the partial pressure of 
carbon dioxide was 65 mm Hg, pH was 7.02, 
and base excess was —17. The patient re- 
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Fig 2. Systemic venous flow through the anterior atrium 
in (A) Patient 2 and (B) Patient 1. 


sponded well to controlled ventilation; D-mode 
echocardiographic evaluation demonstrated 
marked baffle motion. Following three days of 
therapy, extubation was again attempted. Two 
days after extubation, the patient again experi- 
enced marked retention of carbon dioxide and 
bilateral pulmonary edema, and reintubation 
was again necessary. At that time hyperalimen- 
tation by a central route was begun to ensure 
adequate nutritional supplementation. Follow- 
ing eleven days of controlled endotracheal in- 
tubation, extubation was successfully accom- 
plished. 


Fig 3. Pulmonary venous flow beneath the baffle 
through the posterior atrium in (A) Patient 2 and (B) 
Patient 1. 


PULMONARY 
VENOUS FLOW 








Follow-up M-mode echocardiogram demon- 
strated a large posterior pulmonary and anterior 
systemic atrial chamber (Fig 5). Stability of the 
transverse atrial baffle and minimal baffle flut- 
ter were noted on 2-D-mode echocardiogram 
(Fig 6). Postoperative care included continued 
digitalization and diuretic (Lasix [furosemide|) 
therapy. Repeat M-mode and 2-D-mode echo- 
cardiography confirmed stability of the baffle 
configuration and continued adequate pulmo- 
nary and systemic atrial size. 

Five months postoperatively, evidence of in- 
creasing congestive heart failure developed. 
Recatheterization demonstrated pulmonary ve- 
nous obstruction with right ventricular pres- 
sure of 155/12 mm Hg, pulmonary artery pres- 
sure of 127/47 mm Hg, pulmonary capillary 
wedge pressure of 26 mm Hg, left ventricular 
pressure of 100/8 mm Hg, and aortic pressure of 
83/52 mm Hg. One day following catheteriza- 
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Fig 4. (Patient 1.) Chest roentgenogram showing acute 
pulmonary edema following extubation. 
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Fig 6. (Patient 1.) Apex 2-D echocardiogram before 

(top) and after (bottom) contrast injection in systemic - 
venous atrium demonstrates the transverse baffle. yum 
eotape analysis allows evaluation of baffle motion. (a — 
anterior; | = lateral; rv = right ventricle; s = septum; 

lv = left ventricle; pva = pulmonary venous atrium; 

sva = systemic venous atrium; b = baffle.) 


tion and prior to scheduled operation, the pa- 
tient sustained a respiratory arrest. Postmortem 
examination revealed stenosis at the region of 
the resected primum atrial septal tissue (see Fig 
1B). This resulted in a "cor triatriatum" config- 
uration in the posterior baffle chamber dividing 
it into pulmonary venous inflow and outflow 
chambers with a small orifice communication 
(Fig 7). 





Fig 5. (Patient 1.) M-mode echocardiogram of the baf- 

fle. Note the lack of baffle motion. (RV = right Patient 2 
ventricle; S = septum; MV = mitral valve; Ao = aorta; 
SVA = systemic venous atrium; B = baffle; PVA = 
pulmonary venous atrium.) bradycardia in utero was delivered by emer- 


A 5-day-old, 3,000 gm female neonate with fetal 


74 The Annals of Thoracic Surgery Vol 31 





HH EHE ELHEH [ELT I HTT 
di l| SYSTEM 2 


MA 
si TTT 





Fig 7. (Patient 1.) Postmortem view from the pulmonary 
venous confluence behind the atrial baffle. It demon- 
strates the area of stenosis and "cor triatriatum" con- 
figuration. 


gency cesarean section. Meconium-stained am- 
niotic fluid was noted prior to cesarean sec- 
tion. The mother was a gravida I, para 0, and 
the patient appeared normal. A normal car- 
diac silhouette was noted when she was 5 
hours old. At this time, however, a grade 2-3/6 
ejection murmur was noted at the right ster- 
nal border. Electrocardiogram revealed an 80- 
degree axis. The child responded well to neo- 
natal management. On the third day of life, 
ectopic atrial pacing was observed, but no other 
abnormal electrical activity on electrocardio- 
gram was defined. When she was 1 week old, 
catheterization was performed due to progres- 
sive evidence of congestive heart failure. A 
diagnosis of dextrocardia with polysplenia syn- 
drome, possible anomalous pulmonary venous 
connection to the right atrium, and a large 
ventricular septal defect with subaortic stenosis 
was made. 

Following catheterization, therapy with dig- 
italis and diuretics was continued. During the 
ensuing three months, there was evidence of 
continued congestive heart failure in the form 
of progressive increase in cardiac silhouette and 
some increase in pulmonary vasculature on 
chest roentgenogram. 
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Physical examination revealed a mildly cen- 
trally cyanotic infant with tachypnea and a re- 
spiratory rate of 70 breaths per minute, a pulse of 
90 beats per minute and regular, blood pressure 
of 110/60 mm Hg, and normal upper and lower 
extremity pulses without radial femoral delay. 
Lungs were clear. There was a prominent 
ventricular impulse with overlying thrill at the 
right lower sternal border. The first heart sound 
was split. There was a 3/6 harsh systolic ejection 
murmur at the right sternal border. There was 
no click. The liver was palpable 3 to 4 cm below 
the sternum at the midabdominal line, and was 
defined in a midline position. Chest roentgen- 
ograms showed dextrocardia and cardiomeg- 
aly, and increased pulmonary vascularity (Fig 
8). Electrocardiogram showed a Q-R wave in 
the far lateral precordium. At recatheterization, 
dextrocardia, L-loop, L-normal great arteries, 
ostium primum defect, and anomalous pulmo- 
nary venous return were noted. There was right 
superior vena cava and hepatic venous return to 
the right atrium, as well as anomalous systemic 
return by way of the left superior vena cava to 
the left atrium. 

The patient underwent operative repair of 
this complex intracardiac anomaly. Under 
general anesthesia, deep hypothermia was in- 
duced, utilizing surface cooling technique. At 
28'C a median sternotomy was performed. 
Cannulation of the right atrium and ascending 
aorta allowed core cooling to 15?C. At this 
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Fig 8. (Patient 2.) Chest roentgenogram demonstrating 
progressive pulmonary edema with dextrocardia and 
L-loop, L-normal great arteries. 


point, total circulatory arrest was instituted. 
The left atrium was opened, and, as noted at 
catheterization, dextrocardia, L-loop, L-normal 
great arteries, a large ostium primum defect, 
total anomalous pulmonary venous connection 
to the right atrium, anomalous left inferior vena 
cava, and a large anomalous left superior vena 
cava were found. Hepatic veins and right 
superior vena cava returned directly to the right 
atrium. Repair of this defect involved a trans- 
verse atrial baffle using pericardium. This was 
possible since the combination of dextrocardia 
and L-loop, L-normal great arteries placed the 
mitral valve and morphological left ventricle 
posteriorly and allowed construction of a pos- 
terior atrium, which connected the pulmonary 
venous return and the systemic ventricle (see 
Fig 3A). The complicated anomalous systemic 
venous returns were allowed to pass over the 
baffle to the anteriorly placed tricuspid valve 
and thence to the pulmonary system (see Fig 
2A). Due to the presence of dextrocardia, the 
repair was performed through the left atrial 
wall, and a gusset of pericardium was necessary 





to augment the size of this new systemic atrial 
chamber. Pacemaker wires were placed. The 
patient was warmed and weaned from car- 
diopulmonary support. 

The patient's postoperative course demon- 
strated some evidence of persistent congestive 
heart failure. Atrial (nonsinus) pacing at a rate 
of 75 beats per minute with occasional 
junctional beats was noted during the ten days 
between operative repair and removal of the 
ventricular wires. The patient required both 
digitalis and diuretics during this period. She 
was discharged on the twelfth postoperative 
day. 

Further care has involved weaning from dig- 
italis and diuretic therapy. Gradual resolution 
of symptoms of congestive heart failure has oc- 
curred. Postoperative 2-D-mode echocardio- 
gram demonstrates the transverse atrial baffle 
and adequacy of both systemic and pulmonary 
atria (Fig 9). Follow-up catheterization demon- 
strated right atrial pressure of 11 mm Hg, left 
ventricular end-diastolic pressure of 10 mm Hg, 
right ventricular pressure of 34/10 mm Hg, pul- 
monary artery pressure of 32/14 mm Hg, left 
ventricular pressure of 136/10 mm Hg, aortic 
pressure of 132/60 mm Hg, and pulmonary to 
systemic flow ratio of 1:1. Angiography re- 
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Fig 9. (Patient 2.) 2-D echocardiogram before (top) and 
after (bottom) contrast injection in the systemic venous 
atrium demonstrates the transverse baffle enhanced by 
contrast. The videotape allows evaluation of atrial size. 
(a — anterior; s — septum; rv — right ventricle; mv — 
mitral valve; lv — left ventricle; A — aorta; b — baffle.) 


vealed the pulmonary and systemic atrial 
chambers to have only mild obstruction, and 
normal right and left ventricular function. The 
patient has grown normally since repair. 


Comment 

Intracardiac repair of combined total anomalous 
pulmonary venous connection and anomalous 
systemic venous connection can be accom- 
plished in early infancy through the use of 
a transverse intraatrial reconstruction. Critical to 
the use of this technique is the posterior posi- 
tion of the future systemic atrioventricular (AV) 
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valve and ventricle (see Fig 1). This posterior 
position allows construction of a transverse 
patch to direct pulmonary venous return from 
pulmonary venous system (Type I or III total 
anomalous pulmonary venous connection) or 
right atrial or coronary sinus orifices (Type II 
total anomalous pulmonary venous connection) 
to the systemic AV valve; such a repair would 
also be applicable in patients with bilateral 
pulmonary venous connections to the right and 
left atria. 

In Patient 2, since both dextrocardia and L- 
loop, L-normal great arteries were present, 
simultaneous repair was possible. The mitral 
valve, posteriorly positioned, allowed direction 
of the pulmonary venous return to the mor- 
phological left ventricle and thence to the aorta 
(see Fig 3A). A comparable effect would be 
achieved in levocardia and r-loop, r-trans- 
position or dextrocardia and p-loop, p-trans- 
position of the great arteries with a posterior 
tricuspid mechanism [7]. 

The transverse reconstruction used in this re- 
pair results in a template of the classic Mustard 
baffle. The pulmonary venous return is directed 
to the systemic AV valve (see Fig 3) and the 
systemic return is allowed to pass over the baf- 
fle configuration to the anteriorly placed pul- 
monary AV valve (see Fig 2). Use of this tech- 
nique allows the multiple, complex, systemic 
venous returns to flow to a common anterior 
atrium, since simple ligation of portions of the 
systemic drainage is not applicable, and avoids 
multiple systemic venous anastomoses or com- 
plicated intraatrial tunnels [4, 5, 8]. 

Three technical points are of importance. 
First, to avoid early pulmonary venous ob- 
struction, all atrial septal tissue should be re- 
sected prior to reconstruction (see Fig 1B). Sec- 
ond, to aid in future growth of the pulmonary 
venous atrium in the infant group and to 
provide a collecting chamber for pulmonary ve- 
nous return, it is imperative that the repair in- 
corporate a maximum amount of posterior 
atrium (unlike the baffle proposed by Ghosh 
and colleagues [1]). Third, if the anterior sys- 
temic venous atrium appears compromised by 
the large size of the posterior atrium, a pericar- 
dial gusset should be placed in the atriotomy. 
This effectively enlarges the atrium during the 


77 Case Report: Turley et al: Repair of Combined TAPVC and Anomalous Systemic Connection 


critical perioperative period but should not re- 
tard future growth of the right atrial cavity. 

Although the use of this method allows the 
technical repair of such complex venous anom- 
alies in early infancy, the large atrial recon- 
struction and complex venous returns mandate 
special attention to certain aspects of post- 
operative care in these infants. The large trans- 
verse pericardial reconstruction is unstable 
during the immediate postoperative period, 
and the pulmonary venous atrium may still 
be relatively small. Changes in intraarterial and 
intrathoracic pressures can result in sudden 
pulmonary venous obstruction, pulmonary 
edema, and left ventricular failure, as seen in 
Patient 1. 

Controlled volume ventilation beyond the 
normal period allows the patch to become more 
rigid in its transverse position (demonstrated 
by echocardiography in Patient 1), and only 
after this has occurred can extubation be safely 
undertaken. Echocardiographic evaluation of 
the patch position and mobility can identify 
these events. The apical projection best vi- 
sualizes the transverse patch and also can iden- 
tify excessive movement (see Figs 6, 9). 

Following extubation, close cardiological 
follow-up is necessary until somatic growth can 
result in adjustment to the new atrial config- 
uration produced by this repair. Prolonged use 
of digitalis and diuretics can be anticipated 
until this adjustment can be achieved. Further, 
in patients with polysplenia the usual absence 
of a sinoatrial node and the presence of ectopic 
atrial or junctional rhythm, which cannot in- 
crease appropriately during the postoperative 
period, can prolong the period of congestive 
heart failure. In these patients with this syn- 
drome, postoperative evaluation of the degree 
of failure is complicated by the midline posi- 
tion of the liver. It may be palpable even in the 
absence of failure and can be appraised only in 
relation to its preoperative condition. Repeated 
echocardiographic evaluation of the patch po- 
sition and atrial growth as well as both atrial and 
ventricular function provide serial assessment 
of progress. Both configuration of the systemic 
venous outflow and pulmonary venous cham- 


bers can be ascertained as well as atrial size, 
baffle position, and changes in ventricular wall 
thickness, contraction, and motion (see Figs 5, 
6, 9). Repeat cardiac catheterization can help 
evaluate the adaptation of the infant atria and 
ventricles to the repair. Early recatheterization 
and surgical intervention are necessary if 
symptoms of congestive failure increase, as a 
correctable baffle lesion should be presumed. 

Repair of combined lesions of the pulmonary 
and systemic venous systems can be achieved 
through the use of transverse intraatrial recon- 
struction even in early infancy. Meticulous at- 
tention to the extended postoperative manage- 
ment is essential for long-term success of such 
repairs. 
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Tetralogy of Fallot with 


Coexisting Type II Aortopulmonary Window 


Fred A. Crawford, Jr., M.D., David G. Watson, M.D., and James A. Joransen, M.D. 


ABSTRACT 
Fallot and type II aortopulmonary window between 
the ascending aorta and the right pulmonary artery 
in which the communication acted as a palliative 


An infant had a coexisting tetralogy of 


systemic-pulmonary shunt. Surgical repair is de- 
scribed, and the appropriate literature is reviewed. 


Aortopulmonary windows are unusual cardiac 
defects, which usually consist of a communica- 
tion between the ascending aorta and the main 
pulmonary artery [5, 10, 19]. They have been 
reported to occasionally coexist with other de- 
fects such as ventricular septal defect, patent 
ductus arteriosus, and more rarely with tetral- 
ogy of Fallot [3, 6, 10, 17]. A different type of 
aortopulmonary window between the ascend- 
ing aorta and the right pulmonary artery at its 
origin has recently been described in several 
patients [3, 14, 19]. This case report describes a 
patient with tetralogy of Fallot and such an 
aortopulmonary window which in location and 
effect was identical to a palliative Waterston- 
Cooley shunt. 


A 3-month-old girl was referred to the Univer- 
sity of Mississippi Medical Center in January, 
1977, for evaluation of a heart murmur and con- 
gestive heart failure. An older brother had re- 
cently undergone successful repair of tetralogy 
of Fallot. Physical examination revealed a small 
acyanotic infant with a grade 4/6 holosystolic 
murmur heard along the left sternal border. The 
liver was 7 cm below the right costal mar- 
gin. Electrocardiogram demonstrated combined 
ventricular hypertrophy with right atrial en- 
largement. Chest roentgenogram showed a 
moderately enlarged heart with increased pul- 
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monary vascular markings and pulmonary ve- 
nous congestion. Cardiac catheterization dem- 
onstrated a large ventricular septal defect and 
infundibular pulmonary stenosis, a 3.9:1 left- 
to-right shunt with most of the step-up in oxy- 
gen saturation occurring at the level of the pul- 
monary artery (Table). 

The patient responded well to digitalis and 
Lasix (furosemide), and was followed in the 
cardiac clinic without symptoms other than fre- 
quent bronchitis. Because of continued car- 
diomegaly and increased pulmonary flow when 
she was 2 years old, she underwent repeat car- 
diac catheterization (see Table). Again there 
was a gradient between the right ventricle and 
the main pulmonary artery and between the 
main pulmonary artery and the right pulmo- 
nary artery. A right ventriculogram showed 
moderately severe infundibular narrowing, and 
the pulmonary valve annulus was approxi- 
mately two-thirds the size of the aortic valve 
annulus. The anteroposterior pulmonary ar- 
teriogram revealed a large negative jet entering 
the pulmonary artery at the junction between 
the right pulmonary artery and the main pul- 
monary artery. A diagnosis of tetralogy of Fallot 
and aortopulmonary window was made, and 
the child was referred for operation. 

At operation, a communication between the 
posterior ascending aorta and the anterior right 
pulmonary artery distal to the bifurcation was 
identified. After isolation of the right pulmo- 
nary artery proximal and distal to the com- 
munication, cardiopulmonary bypass was 
begun and the patient cooled to 26?C. The aorta 
was cross-clamped and a potassium cardio- 
plegic solution infused into the aortic root. A 
transverse aortotomy was made, and the com- 
munication was identified (Figure, A). It was 
roughly circular in shape, measured 7 mm in 
diameter, and was well above the coronary 
ostia and approximately 1 cm distal to the ori- 
gin of the right pulmonary artery. The defect 
was easily closed with a Dacron patch without 
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Preoperative Cardiac Catheterization 








2/8/77 3/16/79 
Pressure Saturation Pressure Saturation 
Catheter Site (mm Hg) (96) (mm Hg) (96) 
Superior vena cava T 60 TT 63 
Inferior vena cava -— 63 T 61 
Right atrium 8/3, 3 57 7/8, 4 59 
Right ventricle 95/5 58 95/7 70 
Main pulmonary artery 65/30, 48 83 60/30, 48 85 
Right pulmonary artery 40/25 85 40/30, 32 86 
Right pulmonary artery wedge wa T 18/15, 15 98 
Left ventricle isles us 120/14 98 
Aorta T "T 110/50, 90 95 
Systemic index (L/min/m?) 3.2 NA 4.0 NA 
Pulmonary index (L/min/m’) 12.5 NA 10.4 NA 
OP:OS 3.9:1 NA 2.6%) NA 
Systemic resistance — NA 21.5 NA 
(Wood units/m?) 
Pulmonary resistance 3.8 i NA 4.8 NA 


(Wood units/m?) 


NA = not applicable; OP: QS = pulmonary-systemic perfusion ratio. 





A 


( A) Transverse aortotomy exposing the communication 
between the posterior ascending aorta and the right 
pulmonary artery (RPA). The tourniquets occlude the 
RPA proximal and distal to the communication. ( B) 
Communication between the aorta and the RPA has 
been closed with a Dacron patch. 
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distortion of the right pulmonary artery (Fig- 
ure, B). The aortotomy was closed and the te- 
tralogy repaired by closing the ventricular sep- 
tal defect and patching the right ventricular 
outflow tract across the pulmonary valve 
annulus. After cardiopulmonary bypass was 
discontinued, the ratio of right ventricular 
pressure to left ventricular pressure was 0.3. 
Indicator dilution curve showed no residual 
shunt. The patient had an uneventful hospital 
course and was discharged on the seventh 
postoperative day. 


Comment 
Aortopulmonary windows occur infrequently 
and represent disorders of development of the 
truncoconal septum. The anatomy and em- 
bryology have been reviewed in detail previ- 
ously [5, 10, 19]. Typically, the defect consists of 
an "isolated window-like communication be- 
tween the adjacent portions of the ascending 
aorta and the pulmonary arterial trunk" [10]. 
The defect usually is just above the left coronary 
artery. In 1975, Todd and co-workers [19] de- 
scribed a single patient in whom the defect was 
between the ascending aorta and the right pul- 
monary artery and indicated that no other 
similar patient had ever been described. Since 
then, two additional reports have described 3 
[14] and 4 [9] patients who demonstrated vari- 
ants of the typical aortopulmonary window in 
which the communication was between the 
aorta and the origin of the right pulmonary ar- 
tery. Richardson [14], Mori [9], and their as- 
sociates classified these variants as type Il 
aortopulmonary windows and reviewed the 
embryology of their formation. None of these 
patients had associated heart defects. 
Associated defects do occur with typical aor- 
topulmonary windows and include patent 
ductus arteriosus, ventricular septal defect, and 
coarctation [10, 17]. Cooley and co-workers [6] 
described a patient with a coexisting typical 
aortopulmonary window and tetralogy of Fallot 
in whom both defects were successfully re- 
paired. Tandon and colleagues [17] reported a 
patient with a typical aortopulmonary window 
and tetralogy of Fallot who died shortly after 
cardiac catheterization. Clarke and Richardson 
[5] reported 2 children with this combination 


who underwent successful operation, as did 
Blieden and Moller [1]. In a series of 41 infants 
undergoing repair of tetralogy of Fallot, Cas- 
taneda and associates [2] had 1 12-hour-old in- 
fant with a coexisting typical aortopulmonary 
window and severe congestive heart failure 
who required operation. This infant and 
another from the University of Alabama were 
subsequently reported separately by Castaneda 
and Kirklin [3], who commented on the rarity of 
this combination. Such a combination of de- 
fects is indeed quite unusual [4, 12, 16]. 

Our patient is particularly unusual in that the 
aortopulmonary window was between the as- 
cending aorta and the right pulmonary artery. 
Such a communication has been described pre- 
viously in only 8 patients and never, to our 
knowledge, in a patient with tetralogy of Fallot. 
The size and location of the communication 
made it almost exactly analogous to a palliative 
aortopulmonary shunt of the Waterston-Cooley 
type [20]. This undoubtedly was the reason for 
the normal size and development and lack of 
symptoms manifested by the child. Despite the 
lack of symptoms, operation was recommended 
at this time because of the elevated pulmonary 
artery pressure and the known tendency for 
such communications—both congenital and 
man-made—to result in pulmonary vascular 
changes [10, 11, 13, 18]. Castaneda and Kirklin 
[3] recommended repair of this combination as 
soon as the diagnosis is made. Typical aor- 
topulmonary windows are best repaired by a 
patch through the aorta [5, 7, 21]. While some 
have advocated complete separation of the aorta 
and pulmonary artery in repair of tetralogy after 
aortopulmonary anastomosis, others including 
ourselves have not [8, 15]. We elected to simply 
close the communication with a patch from 
within the aorta because of the large size of the 
right pulmonary artery and the lack of dis- 
tortion. We also have preferred to use this 
technique in uncomplicated aortopulmonary 
windows. The patient remains well and asymp- 
tomatic. 
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Left Aortic Arch 


and Right Descending Aorta: 


Diagnostic and Therapeutic Implications 
of a Rare Type of Vascular Ring 


M. Arisan Ergin, M.D., Nadubeethi Jayaram, M.D., 


and Michael LaCorte, M.D. 


ABSTRACT A 3-month-old infant with acute air- 
way obstruction due to the combination of left aortic 
arch and right descending aorta with persistence of a 
right ligamentum arteriosum is presented. This is a 
rare form of a vascular ring and carries special diag- 
nostic and therapeutic implications. Guidelines for 


diagnosis and surgical treatment are outlined. 


Left aortic arch with right descending aorta and 
right ligamentum arteriosum is a rare form of 
aortic arch anomaly that can lead to formation 
of a symptomatic vascular ring in infancy. In 
the literature are reported only 5 patients with 
proved vascular rings due to this anomaly [2, 3, 
5, 6, 9]. Three of these 5 patients, all less than 1 
year old, had symptoms referable to the vascu- 
lar ring [2, 3, 6]. 

The following case report represents the 
unique combination of this anomaly with an 
atretic right dorsal aorta leading to severe air- 
way obstruction in an infant with complicated 
congenital heart disease. Preoperative recogni- 
tion of this rare anomaly is invaluable for 
proper planning of the operative approach, as 
this case report illustrates. 


A 3-month-old infant with cyanotic congenital 
heart disease was admitted to the hospital. 
When he was 2 weeks old, cardiac catheteriza- 
tion had revealed double-outlet right ventricle 
(S, D, L) [10] with subpulmonary ventricular 
septal defect and mild pulmonary stenosis [8]. 
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Angiography showed a left aortic arch with 
right descending aorta and a large Kommerell's 
diverticulum. Until about two weeks prior to 
admission, the infant had demonstrated good 
weight gain and normal growth. Then, noisy 
breathing and cough developed, the latter pro- 
gressing to frank inspiratory stridor on the day 
of admission. During these two weeks he also 
vomited frequently. 

On admission, the infant was found to be in 
severe respiratory distress with inspiratory re- 
tractions and stridor. Temperature was 37°C, 
pulse was 160 beats per minute, and respiration 
was 70 breaths per minute. Chest roentgeno- 
gram and magnification roentgenograms of the 
airways demonstrated hyperexpanded lungs, 
cardiomegaly, and striking narrowing of the 
distal trachea and air-filled proximal esophagus 
(Fig 1). Arterial blood gases showed respiratory 
acidosis (pH 7.12; partial pressure of arterial 
oxygen, 49 mm Hg; partial pressure of arterial 
carbon dioxide, 72 mm Hg). Emergency endo- 
tracheal intubation promptly relieved the re- 
spiratory distress. Acute airway obstruction 
combined with the known presence of left as- 
cending aorta with right descending aorta led to 
the diagnosis of a vascular ring completed by 
a right-sided ligamentum arteriosum. The an- 
giographic appearance is shown in Figure 2. 

The infant was operated on through a right 
posterolateral thoracotomy. Operative dissec- 
tion confirmed the preoperative diagnosis by 
disclosing the presence of a left ascending 
aorta, circumflex transverse aorta, right de- 
scending aorta with the right-sided ligamen- 
tum arteriosum arising from the large Kom- 
merell’s diverticulum, which completed the 
ring around the trachea and esophagus. Of 
interest was the additional finding of a thick 
fibrotic band between the diverticulum and the 
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Fig 1. Magnification roentgenograms of the airways. 
Note the constriction at the distal trachea and air-filled 
proximal esophagus highlighted in the insets. 





Fig 2. Aortography on (A) anteroposterior and (B) lat- 
eral projections. Left ascending aorta, circumflex trans- 
verse aorta, and right descending aorta with large 
Kommerell's diverticulum are clearly demonstrated. 


84 The Annals of Thoracic Surgery Vol 31 No 1 January 1981 


(T 


NS 


~ i (i 
SIN 


AND 


Nm 









i 
— 
fm 









i 


— 
.* — 


oh 





Fig 3. Findings at operation. The vascular constriction 
is formed by the left ascending aorta, posterior cir- 
cumflex transverse aorta, and right descending aorta 
connected to the pulmonary artery by a persistent 
right-sided ductus arteriosus. A large Kommerell's di- 
verticulum and the atretic right dorsal aorta are also 
clearly shown. 


base of the right subclavian artery; this band 
represented the remnant of an atretic right dor- 
sal aorta. The diverticulum was excised and 
oversewn at its base from the vascular struc- 
tures. Figure 3 illustrates the operative find- 
ings. 


The postoperative course was uneventful, 
and the infant was discharged on the seventh 
postoperative day. Some persistent noisy in- 
spiration has since completely resolved on 
follow-up visits. 


Comment 
The combination of left aortic arch and right de- 
scending aorta is a rare type of aortic arch an- 
omaly. Since 1948 when it was described by Paul 
[7], a total of 15 cases have been recorded in the 
literature. 

The prerequisite for formation of a vascular 
ring in this anomaly is the persistence of a 
right-sided ligamentum arteriosum connecting 
the upper descending aorta to the pulmonary 
artery. If the left-sided ligamentum persists, no 
ring is formed and the anomaly simply repre- 
sents a pathological curiosity without any clini- 
cal importance. This probably is true in 10 of 
the 15 reported patients. 

Data on the remaining 5 patients and our 
patient, who all had proved vascular rings due 
to this anomaly, are summarized in the Table. 
All patients with symptoms referable to the vas- 
cular ring were less than 1 year old, and 3 of 
9 patients had associated cardiac defects. Two 
remaining patients had aberrant right subcla- 
vian arteries. The present patient is of particu- 
lar interest in that the anomaly is associated 
with a rare type of double-outlet right ventricle 
[10]. There is only 1 patient reported in the lit- 
erature who had successful surgical treatment 


Data on 5 Patients with Proved Vascular Rings due to Aortic Arch Anomaly 





Basis of Diagnosis 





Patient Associated Symptoms Postmortem 
No. Age Cardiovascular Defects of Ring Angiography Operation Examination 
1 [1] 1 yr None + s = 4 
2 [9] 17 yr Tetralogy of Fallot = + EN - 
3 [5] 22 d Coarctation, VSD = + di re 
4 [6] 6mo None, aberrant R subcla- = + E sje is 
vian artery 
5 [2] 5mo VSD, aberrant R subcla- $ + + + 
vian artery 
6 [this 3mo  DORV, ASD, pulmonary + + + ^" 
report] stenosis 





VSD = ventricular septal defect; DORV = double-outlet right ventricle; ASD = atrial septal defect. 
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[4]. The other two attempts at surgical treatment 
in patients with congenital heart disease were 
failures [2, 5]. Gross [4] stated that all vascular 
rings can be approached through a left thora- 
cotomy. We believe, however, that the left aor- 
tic arch with right descending aorta forming a 
symptomatic vascular ring is an exception to 
this statement. Therefore, it is of the utmost 
importance that the possibility of this anomaly 
be considered and that the anatomy be well de- 
lineated before surgical treatment is attempted. 
Barium swallow and angiography are invalu- 
able tools for reaching the correct diagnosis of 
the type of vascular ring present in a given pa- 
tient. It is our contention that bronchoscopy 
and bronchography should not be used for 
diagnosis since they could aggravate the airway 
obstruction. It is also important to recognize the 
high incidence of associated cardiac defects 
with this type of vascular ring as opposed to 
other types in which the incidence is much 
lower [1]. 

The other unusual aspect of the present case 
is represented by the persistent right dorsal 
aorta as an atretic segment, clearly seen in the 
operative pictures. This conforms to the hy- 
pothetical model of aortic arch development 
proposed by Stewart and co-workers [9]. 

Left aortic arch and right descending aorta 
should be considered in any infant with con- 
genital heart disease in whom signs of upper 
airway obstruction develop. The high incidence 
of associated cardiac lesions and the necessity 
of a right thoracotomy for adequate surgical 
treatment give this type of vascular ring a spe- 
cial diagnostic and therapeutic importance 


among vascular rings. Barium swallow, mag- 
nification airway roentgenograms, and diag- 
nostic cardiac catheterization, including aortog- 
raphy, should be routine in the preoperative 
work-up. 
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Massive Venous Air 


Embolism during Cardiopulmonary Bypass 


Winfield J. Wells, M.D., and Quentin R. Stiles, M.D. 


ABSTRACT A massive bolus of oxygen was forced 
into the right atrium and venous system of a patient 
during cardiopulmonary bypass using a Bentley 
BOS-10 oxygenator. The unique design of the oxy- 
genator canister provides an explanation for the 
event. Methods are outlined to avoid this type of ve- 
nous embolism. 


The presence of air in the venous drainage sys- 
tem can interfere with cardiopulmonary bypass 
and disturb the operating surgeon. The air can 
come from lacerations in the right atrium, from 
around atrial pursestring sutures, from imper- 
fect exclusion of the venous drainage cannula 
from an opened chamber on the right side of 
the heart, from a loose connector or laceration 
in the venous drainage tubing, or from the in- 
troduction of air through an indwelling venous 
catheter. The sudden appearance of a com- 
pletely air-filled venous drainage system in 
conjunction with a rapidly expanding heart is a 
unique situation to be encountered by the car- 
diac surgeon. The description and possible 
cause of such an event, the response in the 
operating room to the problem, and the final 
clinical result are presented in this report. 


A 58-year-old businessman with a short his- 
tory of rapidly progressive angina pectoris, 
demonstrated  triple-vessel coronary artery 
obstruction at angiography. In August, 1979, he 
underwent aortocoronary saphenous vein 
bypass grafting. The cardiopulmonary bypass 
circuit employed a single 42 mm venous can- 
nula, which drained by gravity into a Bentley 
BOS-10 bubble oxygenator. A 24 mm Argyle 
aortic perfusion cannula was introduced into 
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the ascending aorta for arterial return. The left 
heart was vented using an Argyle-Ferguson left 
ventricular catheter (18F) introduced through 
the right superior pulmonary vein, and a single 
cardiotomy sucker was used. Both the vent 
and cardiotomy sucker drained into separate 
Bentley cardiotomy reservoirs (model Q-120) 
maintained at a negative pressure of 30 to 60 cm 
of water by wall suction. Blood from each car- 
diotomy reservoir was returned to the oxy- 
genator through separate pump heads (Fig 1). 
Of major importance was the presence of a 
polyvinyl tube attached to the gas vent port of 
the Bentley oxygenator. This tubing ran from 
the oxygenator, along the floor of the operating 
room, and into the room air exhaust. The pur- 
pose was to scavenge anesthetic gases passed 
through the oxygenator system in compliance 
with recent standards of practice. 
Cardiopulmonary bypass progressed nor- 
mally through the initial phases of the proce- 
dure, during which four distal saphenous vein- 
coronary artery anastomoses were fashioned. 
A partial occlusion clamp was placed on the 
proximal ascending aorta, and two 5 mm aor- 
totomies were made for proximal saphenous 
vein anastomoses. As the first of the proximal 
anastomoses was in progress, the pump techni- 
cian reported a sudden massive air lock and loss 
of venous return. Visual inspection revealed no 
blood in the venous system and a rapidly dis- 
tending heart. The infusion of blood was im- 
mediately discontinued, and inflow and return 
tubings were clamped with the exception of the 
left ventricular vent. The pump technician, in 
an attempt to eliminate all potential sources of 
the problem, disconnected the tubing from the 
gas vent outlet of the oxygenator. The heart was 
compressed manually to decrease its size. The 
patient was placed in deep Trendelenburg po- 
sition, and the ascending aorta was vented at 
multiple sites with a large slotted needle. Be- 
cause of the presence of the partially occluding 
clamp controlling the two aortotomies in the as- 
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Fig 1. The authors’ technique for cardiotomy and left 
ventricular vent return. The occlusive roller head ts 
positioned between the oxygenator canister and the car- 
diotomy reservoir. As a result, positive pressure within 
the oxygenator can escape only through the venous re- 
turn line. 


cending aorta, it was technically difficult to 
cross-clamp the aorta. 

Attempts were made to identify the site of air 
entry into the venous system. Cannula position 
appeared ideal, and no laceration of the atrium 
or slackening of the atrial pursestring suture 
could be identified. During this time the left 
ventricular vent remained open, and a sub- 
stantial aliquot of the patient’s blood volume 
returned to the reservoir. Only a small amount 
of air was obtained from the root of the aorta. 
This appeared in a retrograde fashion in the 
aortic perfusion line and was aspirated easily 
through the stopcock connector at the proximal 
end of the aortic cannula. Then volume was re- 
turned to the patient from the oxygenator reser- 
voir, and the venous cannula was reprimed and 
opened. Initially a large amount of air was re- 
turned from the right atrium and vena cava. 


GAS VENT” 










VOIR 
RETURN. 






This was followed by considerable froth, and, 
after two or three minutes, a normal pattern of 
venous return was obtained. The proximal 
anastomoses were completed and the heart re- 
covered. This allowed the patient to be weaned 
from cardiopulmonary bypass. 

The patient awakened in the operating room 
with no evidence of neurological deficit. Re- 
covery was uneventful, and he was discharged 
on the ninth postoperative day. 


Comment 

We believe that the unusual, sudden appear- 
ance of air in the venous system was the result 
of oxygen delivered under positive pressure 
through the venous return cannula into the pa- 
tient's right atrium. The Bentley BOS-10 oxy- 
genator is unique in that its canister is a closed 
system. With a bypass circuit such as the one 
described, the gas vent port is the only outlet 
for positive pressure other than the venous 
inlet. We presume a sudden buildup of positive 
pressure occurred in the oxygenator secondary 
to occlusion of the polyvinyl tubing used to 
evacuate gas from the canister (Fig 2). This 
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Fig 2. The Bentley BOS-10 oxygenator. The gas vent, 
which is the only available outlet, has become 
obstructed (large arrow). Positive pressure (smaller ar- 
rows) within the sealed canister finds the least resist- 
ance by escaping through the venous return line into 
the patient's right atrium and venous system. (LV = left 
ventricular.) 


Fig 3. The Bentley BOS-10 oxygenator. The !/» inch 
(1.27 cm) open Luer-Lok connector in the gas vent tub- 
ing will prevent the buildup of positive pressure in the 
oxygenator canister should the tubing become obstructed. 


event was transient and may have been caused 
by someone standing on the tubing. The build- 
up of pressure in the canister was sudden at the 
oxygen flow of 8 liters per minute. The venous 
return in the drainage tubing was quickly dis- 
placed with oxygen and was responsible for 
rapid distention of the heart. Ultimately, oxy- 
gen also was forced far into the venous system. 
The long duration of frothy venous return after 
resumption of cardiopulmonary bypass sug- 
gests this. A potentially fatal massive venous 
oxygen embolus was averted by rapidly 
clamping the venous return line. Relief of the 


gas vent obstruction removed the source of the 
embolic problem. 

Any surgeon using the Bentley oxygenator 
should be aware of this potential problem. 
Obstruction of the gas vent in any system used 
to scavenge exhaust must be avoided. This can 
be accomplished by placing a relief valve in the 
line to prevent positive pressure developing 
within the canister if the tube should become 
obstructed (Fig 3). With these adjustments, we 
have found the Bentley oxygenator to be very 
satisfactory. 

Instructions for the Bentley oxygenator warn 
against potential mismanagement of the gas 
vent system. It is recommended that a !/ inch 
(1.27 cm) open Luer-Lok connector be placed in 
the line to prevent occurrence of a "vacuum" in 
the canister by a negative pressure source. 
These warnings are directed at avoiding exces- 
sive negative pressures being applied, but do 
not warn of the consequences of positive- 
pressure buildup if this outlet becomes 
obstructed. It is our understanding that further 
warnings are planned. 


NOTE 


Pharmacological Blood Pressure Reduction as an 
Adjunct in the Operation for Patent Ductus Arteriosus 


Thomas E. Williams, Jr., M.D., Thomas P. Beach, M.D., 


and James W. Kilman, M. D. 


ABSTRACT In some patients with patent ductus 
arteriosus, it is especially difficult to obtain an 
adequate length of the ductus for its safe division. In 
these patients, additional length can be obtained by 
pharmacological reduction of the blood pressure 
with sodium nitroprusside. The management of 2 
such patients is reported. 


The division of patent ductus arteriosus re- 
quires that an adequate length of the ductus be 
mobilized for both the application of clamps 
and the closure of the two ends. Recently, we 
used the infusion of sodium nitroprusside to 
facilitate this in 2 teenage girls who had a very 
short ductus. 


Patient 1 

A 16-year-old girl underwent operation fol- 
lowing insertion of a percutaneous right ra- 
dial arterial line and a Foley catheter. The 
ductus was fully mobilized distally using a 
Jones maneuver and proximally to the area 
where the pulmonary artery enlarged. Clamps 
were applied and permitted only a 4 mm cuff of 
ductus. Sodium nitroprusside was infused (50 
mg per 500 ml) at a rate sufficient to drop the 
blood pressure from 110 to 70 mm Hg. The aorta 
softened, the aortic clamp was reapplied, and a 
length of cuff adequate for division was ob- 
tained. Upon completion of the two-layer duc- 
tus closure and removal of the clamps, good 
hemostasis ensued. The nitroprusside drip was 
stopped, and the patient's blood pressure re- 
turned to 110 mm Hg over the next ten minutes. 
The mediastinum and chest were closed when 
hemostasis was found to be satisfactory at that 
blood pressure. The patient had an uneventful 
postoperative course. 
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Patient 2 

A 13-year-old girl had the ductus mobilized 
after preparation similar to that in Patient 1. 
Again, the ductus was too short to permit safe 
division after the clamps were applied. Sodium 
nitroprusside was infused. The systolic blood 
pressure fell from 125 to 70 mm Hg, and suf- 
ficient length was obtained upon reapplica- 
tion of the clamps to permit division and two- 
layer closure of the ductus. The clamps were 
removed, and hemostasis was observed until 
the patient's blood pressure returned to prein- 
fusion levels. This patient also had an unevent- 
ful convalescence. 


Comment 

The risk of recanalization of the ligated patent 
ductus arteriosus is approximately 10%. Hence, 
many techniques have been used to obtain an 
adequate length of the ductus for safe division. 
These include extensive mobilization (a Jones 
maneuver), multiple clamp application, and 
cross-clamping of the aorta itself (a Crafoord 
maneuver) [1, 2]. 

Greer and Parrish [3] described 5 patients 
(23 to 28 years old) in whom they used tri- 
methaphan camsylate (Arfonad) for hypoten- 
sive purposes, with excellent results. The lim- 
ited use of their method probably derives from 
both the longer duration of action of tri- 
methaphan, a ganglionic blocking agent, and 
the restriction of being able to use only a blood 
pressure cuff for monitoring. The shorter dura- 
tion of action of sodium nitroprusside, a direct, 
smooth muscle relaxant, and the development 
and wide application of the use of indwelling 
arterial pressure monitoring lines greatly 
facilitate the technique described here. We be- 
lieve this technique of pharmacological reduc- 
tion in blood pressure is a useful element in the 
surgeon's armamentarium of methods to obtain 
adequate length for safe hemostatic division of 
the patent ductus arteriosus. 
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CLASSICS IN THORACIC SURGERY 


Patent Ductus Arteriosus: 


Aldo R. Castaneda, M.D. 





Dr. Robert E. Gross 


ABSTRACT In 1938, Dr. Robert E. Gross first suc- 
cessfully ligated a patent ductus arteriosus (PDA) in 
a 7-year-old child. This operation played a major 
role in the development of cardiac surgery, and has 
benefited an inestimable number of children. 

Recently, there has been renewed interest in PDA 
ligation in the treatment of premature infants with 
respiratory distress syndrome (RDS). Whether early 
operative intervention, prior to the onset of conges- 
tive heart failure, decreases the early mortality and 
morbidity of RDS, whether it aids in preventing the 
late crippling sequelae of this syndrome, i.e., bron- 
chopulmonary dysplasia, or whether both results are 
true remains to be demonstrated. The risk of surgical 
closure of the PDA in premature neonates with RDS 
is small, and surgical closure of the PDA reduces the 
need for prolonged trachea! intubation considerably 
and the time of hospital stay. 


Nature knew in advance that the lung of the fetus, a 
lung still in the process of formation and spared con- 
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A Commentary 


tinual motion, does not require the same arrange- 
ments of a perfected lung endowed with motion. 
Nature has therefore anastomosed the pulmonary 
artery with the aorta. (Galen) 


The ductus arteriosus is a normal pathway in 
the fetus, letting blood from the right ventricle 
and pulmonary arterial system pass into the de- 
scending aorta to reach the placenta for oxyge- 
nation. Normally the ductus closes shortly after 
birth, as a result of the contraction of its smooth 
muscle. Numerous investigators have shown a 
causal relationship between the rise in partial 
pressure of oxygen in arterial blood (PaO;) and 
muscular constriction of the ductus arteriosus. 
The increased PaO, acts directly on the smooth 
muscle cells within the ductal wall or through a 
vasoactive agent (prostaglandin) or both. 

If the ductus arteriosus remains patent 
(PDA), particularly if the caliber of the vessel 
is large, equalization of pressures occurs be- 
tween the aorta and the pulmonary artery. The 
direction and magnitude of blood flow through 
a large PDA depends on the relative resistance 
of the pulmonary and systemic bed. Since the 
former is usually lower, a large left-to-right 
shunt is present. Flow to the distal pulmonary 
arteries, left atrium, and left ventricle increases, 
and these structures enlarge. Congestive heart 
failure usually is present, and if surgical closure 
is not performed in the first years of life, pul- 
monary vascular disease may develop. 

In certain types of left-sided obstructive le- 
sions such as aortic atresia, interrupted aortic 
arch, and severe coarctation of the aorta, blood 
may flow right to left through the ductus ar- 
teriosus. Under these circumstances, the ductus 
may provide most or all of the systemic blood 
flow. 

The first proposal for surgical treatment of a 
PDA was from John C. Munro [1] from Boston, 
who in 1907 advised ligation of the PDA 
through a sternal splitting incision (Fig 1). He 
demonstrated the technical feasibility of this 
operation on cadavers of newborn children, 
but never attempted the operation on a living 
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I. LIGATION OF THE DUCTUS ARTERIOSUS. 


BY JOHN C. MUNRO, M.D, 


OF BOSTON, MASS. 


Tuat I may be allowed to bring this suggestion for a 
new operation before your Society, I ask on the basis that it 
has not been hastily conceived On the contrary, long ago I 
demonstrated its technical possibility on the cadaver of new- 
born children, and felt that it was justifiable on the living. At 
various times I have tried to inspire the pediatric specialist 
with my views, but in vain. Now, in view of the recent ad- 
vances in cardiac surgery, for much of which we are indebted 
to the surgeons of this city, I will venture to place my ideas 
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Fig 1. (A) Cover from The Annals of Surgery, Vol 
XLVI, 1907, and (B) title page of the paper in which 
John C. Munro proposed the operation for patent duc- 
tus. (After Munro JC: Ann Surg 46:335, 1907 [1].) 


patient, in part because of the difficulties in 
accurately diagnosing the disease. In 1938, 
Graybiel, Strieder, and Boyer [2] reported the 
first unsuccessful ligation of a PDA. Their pa- 
tient was a 22-year-old woman with bacterial 
endocarditis (Fig 2). The operation was at- 
tempted as a lifesaving measure, and although 
the patient survived the surgical ligation of the 
PDA, she died of complications of the bacte- 
rial endocarditis within a few days. In 1938, Dr. 
Robert E. Gross performed the first suc- 
cessful ligation of a PDA. His patient was a 
7-year-old child. Dr. Gross had painstakingly 
prepared himself for such an operation in the 
animal research laboratory, but it was hardly a 
coincidence that this daring, imaginative event 
occurred in the month of August, a time when 


before you, asking that you do not dismiss them hastily. 





many Bostonians, including the then Chief of 
Surgery at Children's Hospital, Dr. William E. 
Ladd, were in the habit of taking their summer 
vacations. Apparently, so the story goes, Dr. 
Ladd encountered Dr. Gross shortly after the 
successful operation at some sporting event. 
When asked how things were at the hospital, 
the laconic answer of Dr. Gross was that 
nothing unusual had happened. The operation 
was reported in JAMA in 1939 [3] (Fig 3). 

This operation more than any other previous 
operation on the heart or great vessels triggered 
the development of cardiac surgery. Because 
surgeons were emboldened by this success, re- 
pair of coarctation of the thoracic aorta became 
a reality in 1944, the same year Blalock and 
Taussig succeeded in their quest for a palliative 
operation for blue babies. These pioneering 
efforts set the stage and provided the clinical 
climate for Drs. John Gibbon, F. John Lewis, 
and C. Walton Lillehei to initiate the era of 
open-heart surgery. The operative technique so 
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AN ATTEMPT TO OBLITERATE THE PATENT DUCTUS 
ARTERIOSUS IN A PATIENT WITH SUBACUTE 
BACTERIAL ENDARTERITIS® 


ASHTON GRAYBIEL, M.D., Jonn W. Strieper, M.D., AND 
Norman H. Boyer, M.D. 
Boston, Mass. 


E ALL the complications of heart disease none is of more interest 

than Streptococcus viridans infection, and this equally whether 
one considers the nature of the invading organism, the structural changes 
in the heart necessary for its gaining a foothold, or the hopelessness of 
treatment. Although this complication is most commonly seen in rela- 
tion to chronic rheumatic heart disease, its relative incidence is far 
greater in certain types of congenital heart disease. Thus in Abbott’s 
series! of 92 cases of simple patency of the ductus arteriosus, death 
was caused by bacterial endarteritis or endocarditis in no less than 21. 
Recovery from this complication is extremely rare? as there is no specific 
medical treatment. For this reason heroic measures are often justified. 
The following report is an account of what we believe is the first attempt 
on record to obliterate the patent ductus arteriosus in a patient with 
Streptococcus viridans infection. 
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Fig 2. (A) Cover, (B) title page, and (C) illustration of 
technique from The American Heart Journal, May, 
1938. In this issue, Graybiel, Strieder, and Boyer re- 
ported their attempt to obliterate a patent ductus. (From 


artertosus 





Graybiel, Strieder, and Boyer: An attempt to obliterate 
the patent ductus arteriosus in a patient with subacute 
bacterial endarteritis. Am Heart ] 15:Cover, 621, 1938.) 
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FAM. A. SESSION TIBUSUNTIT 


BARSKY'S New PLASTIC SURGERY 


“This book cannot be too strongly recommended.” This is what The Journal of Clinical Medicine 
and Surgery says in its review of Dr. Barsky's new book. And, truly, General Practitioners, Surgeons 
and Specialists alike are enthusiastically endorsing this new contribution to medical literature. 


Here is a book on plastic surgery — both functional and aesthetic — that covers the entire body from 
head to extremities. It deals not alone with the more intricate procedures and operations but also 
covers in equally full detail those methods required to treat the conditions common to everyday 
practice. For example, Dr. Barsky has included full discussions of the treatment of wounds, burns, 
frost-bite, scars, and keloids. He tells how to close skin defects without grafting, how to correct such 
conditions as saddle-nose, deformities of the nasal tip, deformities resulting from disease, etc. There 
are chapters on the Orbit, the Ear, Lips, Cheeks and Jaws, Fractures of the Facial Bones, the Neck 
and Trunk, the Orthopedic Aspects of Plastic Surgery, Extremities and Prostheses. 


In each discussion Dr. Barsky gets immediately to the point, summing up briefly essential principles 
and factors, then going on to describe specifically the method best suited to the purpose, how it 
should be executed and under what circumstances it is indicated or contraindicated. 


In order to further clarify the text and emphasize important points, Dr. Barsky has included 770 
original line illustrations on 432 figures making his book really an atlas of plastic surgical technic. 


hod Astuce Jossu BHassxv, M.D., D.D.S, Associate Surgeon in Charge of Department of Reconstructive Sargery, Neth Usract Honpetat, New Vork 
thiaee of J55 pages, 437 illustrations Ch, $5.75 net 
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Daily blood pressure readings of the patient with a patent ductus arteriosus before 
and after operation. Prior to operation the large ductus opening from the aorta 
produced a low diastolic pressure. Following operative closure of the ductus, the 
diastolic pressure rose to twice its former level. The average daily diastolic pressure 
preoperatively was 38 mm. of mercury. The average diastolic pressure postopera- 
tively was 80 mm. of mercury. The arrow points to the time of operation. 
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The continued patency of a ductus arteriosus for 
more than the first few years of life has long been 
known to be a potential source of danger to a patient 
for two reasons: First, the additional work of the left 
ventricle in maintaining the peripheral blood pressure 
in the presence of a large arteriovenous communica- 
tion may lead eventually to cardiac decompensation of 
severe degree. Second, the presence of a patent ductus 
arteriosus makes the possessor peculiarly subject to 
fatal bacterial endarteritis. While it is true that some 
persons have been known to live to old age with a patent 
ductus of Botalli, statistics have shown that the major- 
ity die relatively young because of complications arising 
from this congenital abnormality. Dr. Maude Abbott ! 
presented a series of ninety-two cases which came to 
autopsy in which it was shown that the patient had had 
a patent ductus arteriosus without any other cardio- 
vascular abnormality. Of these patients, approximately 
one fourth died of bacterial endarteritis of the pul- 
monary artery and an additional one half died of slow 
or rapid cardiac decompensation. The average age of 
death of patients in this series was 24 years. 











































Fig 3. (A) Cover, (B) title page, and (C) graph of pa- 
tient's progress from JAMA, Feb 25, 1939, in which 
Gross and Hubbard describe their successful ligation of 
a patent ductus arteriosus. (From Gross and Hubbard: 
JAMA 112:Cover, 729, 730, February 25, 1939; 
Copyright 1939, American Medical Association.) 
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brilliantly executed by Dr. Gross has stood the 
test of time. With only minor modifications, 
this safe, simple, and curative operation is 
being performed worldwide and has benefited 
an inestimable number of children. 

Recently there has been renewed interest in 
PDA ligation in the treatment of premature in- 
fants with respiratory distress syndrome (RDS). 
Interestingly, in the late 1950s, Dr. Rudolph, 
who then was working in Dr. Nadas's Depart- 
ment of Pediatric Cardiology at Children's 
Hospital in Boston, studied several premature 
babies with RDS and demonstrated that some 
had a significant left-to-right shunt through a 
PDA during the first few days of life. At that 
time, Dr. Rudolph and Dr. Nadas persuaded 
Dr. Gross to ligate the PDA in a severely ill 
neonate with hyaline membrane disease. The 
neonate did not survive the operation in part 
because of the limited experience with post- 
operative respiratory management of small 
neonates. During the 1970s, the incidence of 
PDA in premature infants has increased con- 
siderably, due to the significant increase in 
survival beyond the first 48 hours of life of small 
babies with RDS. 

Despite these advances in the medical man- 
agement of RDS, the morbidity and mortality of 
this disease remain high. A PDA is frequently 
present in infants with this syndrome, and if 
congestive heart failure does not respond to ag- 
gressive medical therapy, surgical ligation of 
the PDA has proved beneficial. Whether early 
operative intervention, prior to the onset of 
congestive heart failure, decreases the early 
mortality and morbidity of RDS or whether it 
aids in preventing the late crippling sequelae 
of this syndrome, i.e., bronchopulmonary dys- 
plasia, remains to be demonstrated. However, 
the risk of surgical closure of the PDA even 
in desperately ill premature neonates with 
RDS is small, and certainly surgical closure of 
the PDA seems to reduce considerably the need 
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for prolonged endotracheal intubation and the 
time of hospital stay and thus, the cost of hos- 
pitalization. 

Within the past few years pharmacological 
manipulations of the ductus have received wide 
attention. Prostaglandin synthetase-inhibitors 
are being used to close the PDA in premature 
infants with RDS. Although the clinical use of 
indomethacin is an exciting development, the 
effectiveness of the drug is variable, and the 
potential toxic side-effects have not been fully 
identified. Rigorously controlled studies are 
needed to elucidate these questions. A co- 
operative randomized trial study including 
twelve centers in the United States is now 
underway to assess the effectiveness of early 
indomethacin administration for closure of the 
PDA and also to compare the results of in- 
domethacin administration with surgical clo- 
sure of the PDA in premature infants weighing 
1,750 gm or less. It is hoped that this kind of 
study will provide a more definitive insight 
into optimal management of premature infants 
with PDA. 

Dr. Gross's epic contribution to surgical re- 
pair of PDA remains a brilliant example of a 
well-planned operation based on a clear under- 
standing of the anatomy and pathophysiology 
of the lesion, coupled with imagination, dar- 
ing, and exquisite surgical technique. Rarely 
has a surgical investigator exerted such a far- 
reaching influence in the development of a new 
specialty. 
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CORRESPONDENCE 


Preclotting Vascular Grafts 
To the Editor: 


Fully cognizant of the occasional problems with 
bleeding that occur subsequent to insertion of 
prosthetic graft material while performing proce- 
dures requiring cardiopulmonary bypass, I could 
not help but be initially intrigued by the paper 
“A Technique for Preclotting Vascular Grafts” by 
Dr. M. F. X. Glynn and Dr. W. G. Williams (Ann 
Thorac Surg 29:182, 1980) However, a quick 
review of certain potential difficulties with this 
technique they describe proves rather discour- 
aging. 

In Charleston, South Carolina, cryoprecipitate is 
provided to the patient through the American Red 
Cross. The final cost to the patient for each unit of 
cryoprecipitate is $93.00. Thus, the cost to the patient 
for the recommended 16 units of cryoprecipitate 
would be $1,488.00. 

The risk of hepatitis with an infusion of 1 unit of 
cryoprecipitate is the same as an infusion of 1 unit of 
blood. Estimates of the risk of acquiring hepatitis 
from transfusion of 1 unit of blood depend on the 
marker chosen as a positive indicator of hepatitis. 
The incidence of overt posttransfusion hepatitis has 
been reported to be 0.0135% [1]. However, if sensi- 
tive laboratory procedures are used, the incidence 
of anicteric hepatitis has been found to be as high 
as 8.7% per unit transfused [2]. Thus, the risk 
of hepatitis from the technique described requir- 
ing 16 units of cryoprecipitate may well range from 
0.216% for icteric hepatitis to 100% for anicteric 
hepatitis. 

I certainly agree that a continual search for satis- 
factory techniques to prevent bleeding through graft 
material at the time of cardiopulmonary bypass must 
go on. However, the inordinate cost and risk of 
hepatitis in the technique proposed by Drs. Glynn 
and Williams would appear to make this approach 
unsatisfactory. 


John M. Kratz, M.D. 


Division of Cardiothoracic Surgery 
Medical University of South Carolina 
171 Ashley Ave 

Charleston, SC 29403 
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Preclotting Grafts 
To the Editor: 


I am writing with reference to the article “A Tech- 
nique for Preclotting Vascular Grafts" by Drs. 
Glynn and Williams (Ann Thorac Surg 29:182, 1980). 
Their technique is a resourceful way to preclot a graft 
in a patient who is already heparinized. However, 
the cost to the patient will run well over $200.00 for 
this technique, and I therefore suggest the use of 
several simple, alternate, known techniques. 

One is to thoroughly soak the graft in heparinized 
blood and autoclave it, following which it can be 
used. This makes the graft look terrible, but it works. 
A more logical method is to estimate by sonography 
or arteriography the patient's aortic size, or merely 
estimate in advance the size of the graft needed 
(which will always be accurate enough except in the 
most unusual circumstances). Then do one of the 
following: draw blood from the patient before anes- 
thesia is administered and preclot an appropriate- 
sized graft accordingly; or use fresh blood from 
another patient donor, a doctor, or another patient 
under anesthesia, preclot the graft with this blood, 
and wash the graft liberally with normal saline solu- 
tion. Three preclottings and washings are recom- 
mended. 


Donald L. Weeks, Jr., M.D. 


1235 S Orange Ave 
PO Box 8903 
Orlando, FL 32856 


Reply 
To the Editor: 


The objections set out by Drs. Weeks and Kratz are 
serious and will be answered. First, the cost of a 
single bag of cryoprecipitate obtained from the 
Canadian Red Cross is between $5 and $10, Cana- 
dian. Second, in Canada the incidence of hepatitis 
after an infusion of blood products is not known with 
certainty. The incidence calculation is based on re- 
porting by physicians, and any figure would cer- 
tainly be an underestimate. Nevertheless, the avail- 
able figures are orders of magnitude less than those 
quoted by Drs. Weeks and Kratz. The conclusion of 
100% risk of anicteric hepatitis suggested by Dr. 
Kratz should be regarded as just that—a suggestion 
rather than a conclusion. At one Canadian Red Cross 
Centre, the incidence of icteric hepatitis is 8 cases per 
300,000 units of blood. A point that might have some 
bearing on the differences in the incidence of 
hepatitis is that in Canada donors are unpaid. 

The costs and risks, however exaggerated, are 
nonetheless formidable, and in order to overcome 
these impediments, at least in part, we have modified 
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our procedure. Now we use but two bags of cryo- 
precipitate and two vials of thrombin. The volume of 
each solution should be made to 75 ml, and the incu- 
bation time is fifteen minutes in each preparation, 
separately of course, as before. 

We thank Drs. Weeks and Kratz for prompting 
us to make our technique more effective, and for 
touching—perhaps inadvertently—on matters whose 
importance goes well beyond this trivial technique. 


M. F. X. Glynn, M.D. 
W. G. Williams, M.D. 


College Wing 
Toronto General Hospital 
Toronto, Ont, Canada M5G 1L7 


Interrupted Aortic Arch 
To the Editor: 


In a recent issue of The Annals (Ann Thorac Surg 
28:290, 1979), Dr. Jacobson and colleagues reported 
the case of an infant with interrupted aortic arch and 
aortopulmonary window. In 1979, my colleagues and 
I treated a similar patient in a somewhat different 
manner. Our method might supplement that of the 
authors. 

Our 12-month-old patient had anatomy and he- 
modynamics like those of the reported infant. We 
chose to employ a left thoracotomy for isolation of the 
duct and a Gore-Tex graft to the descending aorta. 
After closing the left thoracotomy, bypass was estab- 
lished with core cooling to 18°C. During this stage, 
the duct was temporarily ligated and the window 
controlled by digital compression. During cooling, a 
second perfusion line was placed into the Gore-Tex 
graft for lower body cooling. 

As has been our custom since our first report in 
1968, the aorta was opened adjacent to the window, 
after circulatory arrest and cardioplegia, and the 
window was closed with a Dacron patch. We agree 
with those who believe that patch closure of the aor- 
topulmonary window is a preferable technique to di- 
rect suture, as we orginally described. The procedure 
was completed by definitive duct ligation and anas- 
tomosis of the Gore-Tex graft, during rewarming, to 
the aortotomy. The postoperative course has been 
excellent for three months. 

Although we chose to employ a preliminary left 
thoracotomy, unlike Dr. Jacobson and his co- 
workers, their report indicates that access to both re- 
gions may well be satisfactory with a sternotomy 
alone. 


John Wright, F.R.A.C.S. 


Department of Surgery 

The Prince Henry Hospital 

PO Box 233 

Matraville, NSW 2036, Australia 


Paradoxical Hypertension after 
Coarctation Repair 
To the Editor: 


We read with great interest the article by Fox and as- 
sociates (Ann Thorac Surg 29:135, 1980) entitled 
"Pathogenesis of Paradoxical Hypertension after 
Coarctation Repair." The authors considered the 
pathogenesis to be due to surgical manipulation of 
the aorta in the region of the ligamentum arteriosum 
because such manipulation can stimulate the sym- 
pathetic nerve fibers in the aortic wall. They de- 
scribed in detail a mechanism based on an analysis of 
animal experiments and clinical observations. The 
authors reported a 5696 incidence of paradoxical 
hypertension following coarctation repairs using re- 
section and direct anastomosis, Dacron patch graft- 
ing, or subclavian artery patch angioplasty. All these 
techniques for coarctation repair involve manipula- 
tion of the aortic isthmus. 

One of us (G. R.) previously collaborated in a com- 
bined experience from two institutions using bypass 
grafts for repair of complex coarctations, a technique 
that does not involve manipulation of the aortic 
isthmus [1]. Bypasses were performed from the left 
subclavian artery to the descending aorta and from 
the ascending aorta to the descending aorta in this 
series. Transient hypertension developed in 5 of the 
23 patients, an incidence of 2296. This is less than the 
56% incidence found by Fox and colleagues in their 
review of 25 patients and less than the incidence 
ranging from 37 to 100% observed by the others they 
cited. If confirmed, this observation would lend sup- 
port to their explanation for the pathogenesis of 
paradoxical hypertension following coarctation re- 
pair. 

According to Fox and colleagues, who cite Lioy 
and associates [2], infiltration of the aortic wall at the 
isthmus with Xylocaine (lidocaine) abolished the 
experimentally induced hypertensive response to 
stretching of the aortic isthmus. Perhaps paradoxical 
hypertension can be prevented by infiltration of the 
aortic wall at the isthmus before manipulation of 
the aorta for coarctation repair. 


Richard Brodman, M.D. 
George Robinson, M.D. 


Montefiore Hospital 
111 E 210th St 
Bronx, NY 10467 
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"Noncardiac" Surgery 
To the Editor: 


In his report to the Members on the Sixteenth Annual 
Meeting, our Secretary, W. Gerald Rainer, M.D., 
wrote about the Fourteenth Annual Postgraduate 
Course: “. . . parallel sessions were used to discuss 
cardiac and noncardiac [italics mine] thoracic sub- 
jects. . . ." The expression noncardiac thoracic surgery 
is used very often in addresses or presentations, in 
private conversations, and, worst of all, in print. No- 
body likes to be described in negative terms. I am not 
a nongynecologist; I am a surgeon. I am neither a 
cardiac surgeon nor a noncardiac surgeon; I am a 
general thoracic surgeon. 

The Society of Thoracic Surgeons and The Annals of 
Thoracic Surgery should discard the negative term 
noncardiac thoracic surgery in favor of the positive 
term general thoracic surgery [1]. Not only is it more 
correct, but it will give a much better feeling of self- 
confidence to all “noncardiac” surgeons. 


Dov Weissberg, M.D. 


E. Wolfson Hospital 
Holon, Israel 
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Surgical Exposure of Mitral Valve 
To the Editor: 


Having had occasion to utilize the technique de- 
scribed by Dr. Brawley (Ann Thorac Surg 29:179, 
1980), I endorse his comments and conclusions. In 
addition to patients with a small left atrium, a trans- 
septal extension to the customary interatrial ap- 
proach to the mitral valve can also be helpful in pa- 
tients with an extremely large left atrium in whom it 
is considered unwise or unsafe to mobilize the left 
ventricle from dense adhesions secondary to previ- 
ous mitral valve operation. If the mitral plane cannot 
be brought toward the surgeon in the usual fashion, 
it seems logical to bring the surgeon closer to the 
valve by using the technique described. It is rarely 
needed, as indicated by Dr. Brawley, but can be ex- 
tremely helpful when mitral exposure by standard 
methods becomes dangerously awkward. 


F. N. McKenzie, F.R.C.S.(Ed), F.R.C.S.(C) 


Division of Cardiovascular and Thoracic Surgery 
University Hospital 

P.O. Box 5339, Station A 

London, Ont, Canada | N6A 5A5 


Coronary Bypass Operations and Board 
Certification 


To the Editor: 


I read with interest the article "Forecasting Health 
Manpower Requirements: The Case of Thoracic Sur- 
geons" by Feldstein and Viets (Ann Thorac Surg 
28:413, 1979) and was particularly amazed to learn 
that in the United States, we can assume that 
"Board-certified thoracic surgeons perform 100% of 
coronary bypass operations." 

While we all agree that certification by the Ameri- 
can Board of Thoracic Surgery is no guarantee of ex- 
cellence, it is something that most cardiothoracic 
surgeons want badly but some do not have. That is 
the case, for instance, in an excellent community 
hospital with which the Department of Surgery, 
Michigan State University, is affiliated. The hospital 
has accreditation from the Joint Commission on Ac- 
creditation of Hospitals, but only 3 of the 6 surgeons 
performing coronary bypass operations are Board- 
certified thoracic surgeons. While the other 3 also 
have received training in thoracic surgery, they 
are a Board-certified general surgeon, a non-Board- 
certified general surgeon, and a doctor of os- 
teopathy certified by the American Osteopathic 
Board of Surgery in the specialty of thoracic surgery. 
In this regard and as of February, 1980, the American 
Osteopathic Association has issued such certifica- 
tions to 17 surgeons distributed in eight states:* 
Arizona (4), Pennsylvania (1), Florida (2), Michigan 
(5), Oklahoma (2), Texas (1), Illinois (1), and Ohio 
(1). These surgeons received their training in two 
of several osteopathic institutions in which open- 
heart operations are performed routinely (De- 
troit Osteopathic Hospital and Chicago College 
of Osteopathic Medicine) and allopathic institutions 
whose thoracic residency programs are not always 
approved by the American Board of Thoracic Surgery 
(for example, the Cleveland Clinic, Baylor College of 
Medicine, Hahneman Medical College, Ingham 
Medical Center in Lansing, and Jewish Hospital in 
Cleveland). 

Hard as it is to believe, a similar distribution of 
cardiothoracic surgeons may very well be present in 
several community hospitals where coronary bypass 
operations are routinely performed. I will leave it to 
the Commission on Professional and Hospital Ac- 
tivities in Ann Arbor, Michigan, to verify this. 


Imad F. Tabry, M.D. 


Section of Cardiothoracic Surgery 
Michigan State University 

B437 Clinical Center 

East Lansing, MI 48824 


*Personal communication: Mrs. Esther Martin, Secretary, 
American Osteopathic Board of Surgery, Coral Gables, FL; 
1980. 


ANNOUNCEMENT 


1980 Meeting 


Southern Thoracic Surgical Association 


The Twenty-seventh Annual Meeting of the 
Southern Thoracic Surgical Association was 
held at The Greenbrier, White Sulphur Springs, 
WV, Nov 13-15, 1980. The President was 
Glenn Young, M.D. Officers elected for the 
coming year are: President, Dennis M. Rosen- 
berg, M.D.; President-Elect, J. Kent Trinkle, 
M.D.; and Vice President, Thomas L. Lomasney, 
M.D. 

The following sixteen applicants were elected 
to membership: 


Robert P. Barnes 
San Antonio, TX 


Andre F. A. Jawde 
Tallahassee, FL 


David A. Deep 
Baton Rouge, LA 


Phoebus Koatras 
Garland, TX 


Antonia Gonzalez-Revilla, Jr. 
Fort Lauderdale, FL 


Barry J. Levin 
Washington, DC 


Dariush H. Heidary 
Savannah, GA 


Stanley K. Lochridge 
Birmingham, AL 


Elevated to Senior Membership were: James L. 
Alexander, M.D., John L. Kee, M.D., John E. 
Miller, M.D., William A. Neely, M.D., and 
William K. Rogers, M.D. 

The President's Award for the best scientific 
paper given at the 1979 meeting was presented 
to Eugene A. Woltering, M.D., M. Wayne Flye, 
M.D., Susan Huntley, B.S., C.R.T., Phillip 
Kapp, M.D., Andrew Dwyer, M.D., and Byron 
McLees, M.D., Ph.D. 

The 1981 meeting will be held at The Break- 
ers, Palm Beach, FL, on Nov 5-7, 1981. Chair- 
man of the Program Committee will be Maruf 
Razzuk, M.D.; Chairman of the Membership 
Committee, Joseph M. Craver, M.D. 


Richard B. McElvein, M.D. 
Secretary- Treasurer 
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Richard B. Norenberg 
St. Petersburg, FL 


Ganesh P. Pai 
Augusta, GA 


Joe A. Pinkerton, Jr. 
Kansas City, MO 


James N. Pinckley 
Springfield, MO 


Norman Snow 
Louisville, KY 


L. Dieter Voegele 
Charleston, SC 


Andrew S. Wechsler 
Durham, NC 


George Zorn 
Birmingham, AL 


Preparation of Manuscript 


Illustrations 


Nomenclature and Statistics 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Transfer of copyright to The Society of Thoracic Surgeons is a condition of publi- 
cation; a form for this purpose appears elsewhere in the issue (see contents). Send manuscripts pref- 
erably by certified or registered mail to Herbert Sloan, M.D., Editor, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place au- 
thor's name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract no longer 
than 150 words for an original article or collective review. Abstracts for case reports, notes, and “how 
to do it" articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $120 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 1/2” margins all around contains about 
250 words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 
25 typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, 
highest degree, institutional affiliations (limit to two), and location. If the paper has been presented 
at a scientific meeting, provide a footnote giving name of meeting, date, and location. Provide 
address for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights 
and measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange sequentially as cited, 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use the following style and Index Medicus journal abbreviations, and give complete publication 
data. Examples: 


Journal article: Barash PG, Lescovich F, Katz JD, et al: Early extubation following pediatric 
cardiothoracic operation: a viable alternative. Ann Thorac Surg 29:228, 
1980 
Book: Stiles QR, Tucker BL, Lindesmith GG, Meyer BW: Myocardial Re- 
vascularization: A Surgical Atlas. Boston, Little, Brown, 1976 
Chapter in book: Louria DB: Bacterial pneumonia. In Baum GL (ed): Textbook of Pulmonary 
Diseases. Second edition. Boston, Little, Brown, 1974, pp 163-185 
Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to 
the illustrations. Provide one legend for each illustration or grouped illustrations, and number in 
sequence. 


The Annals can consider only a limited number of illustrations per paper without special arrange- 
ment. Submit original artwork or unmounted original glossy prints (individual parts separate) in 
black and white. (Color may be used only by special arrangement and is subject to extra charges.) A 
line drawing that contains no shading or wash can be reproduced well from a glossy photograph. A 
line drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All illus- 
trations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$700 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Guidelines for Data Reporting (Ann Thorac Surg 24:398, 1977; see also Erratum, Ann Thorac Surg 
25:35, 1978). Authors are referred to these guidelines for appropriate terminology and methods of 
data analysis to be used in submitted manuscripts. 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Re- 
prints ordered after the press run has been completed will be provided at increased cost. 
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Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 
‘tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported. 


CAUTION: Federal (U.S.A.) law restricts this device to sale 


by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 


undergoing clinical evaluation. 


Intermedics Inc. 


Our business is life.” 


PRACTICE OPPORTUNITIES: 
THORACIC-GENERAL SURGERY, 
PACIFIC NORTHWEST 


Rapid growth in the Portland metropolitan area has 
created an immediate opening for a Thoracic-Gen- 
eral Surgeon with Northwest Permanente, P.C. 

Northwest Permanente, P.C., is a physician cor- 
poration that provides health care services to the 
240,000 members of the Kaiser Foundation Health 
Plan of Oregon. Through its association with the 
Kaiser Foundation Health Plan, a federally qualified 
HMO, Northwest Permanente, P.C., operates nine 
outpatient clinics and two full-service hospitals. 

The medical practice is varied and professionally 
stimulating, offering the physician a pure practice 
free from business and administrative concerns. A 
competitive salary and comprehensive benefits 
package are offered, including life, medical/dental, 
disability, and malpractice insurance, two excellent 
retirement orograms, and liberal vacation and edu- 
cational leave. The physician is eligible to become 
a shareholder and a director of the corporation 
after two years of service. 

Portland, Oregon, with a metropolitan population 
of one million, has a moderate climate and is lo- 
cated in a stable, prosperous economic region of 
the beautiful Northwest. Cultural and educational 
opportunities are varied, and outdoor recreational 
facilities are superb, including excellent skiing, 
backpacking, fishing, and boating. 

Please send two (2) copies of a curriculum vitae 
with your initial response to M. G. Goldberg, M.D., 
Regional Medical Director, Northwest Permanente, 
P.C., 1500 S.W. First Ave, 11th Floor, Portland, 
OR 97201. 


An Equal Opportunity Employer 
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Reliable, safe, convenient. And available. 
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CyberLith...the most sophisticated 
programming system ever. 


Reliable 

The CyberLith all electronic pro- 
eramming system assures reliability by 
eliminating phantom or cross-program- 
ming. The use of accurate crystal oscilla- 
tors ensures precision transmission of 
programming information. 
Safe 

The CyberLith programming safety 
features help avoid unnecessary cardiac 
rhythm disturbances. Further, it is not 
necessary to place the pulse generator in 
the asynchronous mode during the pro- 
eramming session. The safety features 


= cel f» 


lntermedics Inc. 


FREEPORT TEXAS 
vOO vvi VVT 


also allow automatic error identifica- 
tion, preventing transmission of incom- 
patible programming commands. 
Convenient 

The CyberLith programming system 
is fast — all five parameters are pro- 
grammed within 40 milliseconds. 
Available 

CyberLith pacing systems are avail- 
able now! Pulse generators, program- 
mers, leads, telemetry equipment, and 
patient transmitters and receivers. 

As the pioneers of multi-parameter 
programmable pacing technology, 
Intermedics has maintained its role as 
the manufacturer of the most advanced 
systems. Our commitment is to keep in 
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pace with your desire for excellence 
pacing therapy. 

The CyberLith system is today’s 
state-of-the-art. Get to know it. For 
more detailed information call or wr 
the Intermedics marketing departme 
or contact your local Intermedics 
representative. 


@ Intermedics Inc 


PO. Box 617 Freeport, Texas 77541 
Toll-free: (800) 231-2330 
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Our business is life. 


CyberLith is a registered trademark of Intermedic 
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THE ANNALS OF THORACIC SURGERY 
COPYRIGHT TRANSFER AGREEMENT 


Author(s): Please complete this form and submit it to the Editor with your manuscript for publica- 
tion. 


Article title: 


Author(s): 


In the event that the above-named article, which the author or authors certify has not been previ- 
ously published, is accepted for publication in The Annals of Thoracic Surgery, copyright is hereby 
transferred to The Society of Thoracic Surgeons to the extent transferable under applicable law.* 


All authors of this work reserve the following rights, with the provision that copies made in these 
circumstances will continue to carry the copyright notice that appeared in the original published 
work: 


1. The right to reuse all or part of this material in a textbook or clinical book which they have 


authored. 
2. The right to make copies of the published work for internal distribution within the institution 


that employs them and for their own classroom use. 


To be signed by all authors if possible; if not, the signing author agrees to inform all coauthors of 
the terms of this agreement. 


Signature Date 


*Government employees whose work is within the public domain should complete the form, check the box provided 
below, and return the form unsigned; however, if any coauthor is not a government employee and therefore holds copyright, that 
author should sign the form. 

LJ All authors of this article are government employees whose work falls within the public domain. 


NOW AVAILABLE... 


THE FIRST SYLLABUS FOR SESATS 
(Self-Education/ Self-Assessment in 


Thoracic Surgery) 


This syllabus was created to provide 
thoracic surgeons the opportunity to assure 
themselves that they have the knowledge and 
expertise expected of them to practice 
competent, high quality patient care. The 
syllabus was written and is being distributed 
by the Coordinating Committee for Continuing 
Education in Thoracic Surgery (CCCETS). 


The syllabus consists of multiple choice 
items covering six major subjects: Lung; 
Chest Wall and Mediastinum; Esophagus and 
Diaphragm; Pharmacology, Physiology and 
Blood Transfusion; Acquired Heart and 
Congenital Heart. The last part includes 
critiques and references for each multiple 
choice question. The critiques explain the 
correct response and also why each 
distractor is incorrect. 


Throughout, the publisher is used as an 
impartial intermediary to insure the 
participant's anonymity. 


The syllabus is divided into two programs: 


SELF-ASSESSMENT 


* Participant takes the multiple choice 
exam without referring to answers and 
critiques, recording answers on first 
answer sheet. i 


Answer sheet is sent to Kendall /Hunt 
and is machine-scored where a 
distribution of scores (histogram) is 
generated. Kendall/Hunt returns 
participants scores and histogram so 
that performance can be compared with 
other surgeons. 


SELF-EDUCATION 


After appropriate study participant re- 
takes the exam and again receives 
scores together with another histogram. 


Participant will receive a number 
certifying completion of both phases of 
the program and this number can be 
placed in the appropriate space on the 
application for re-certification. 


e Completion of both phases provides 30 
hours of credit toward the prerequisite 
100 hours of continuing medical 
education. 


This Self-Education/ Self-Assessment 
program should be especially helpful to those 
thoracic surgeons who plan to take the 
recertification examination scheduled for the 
fall of 1981. Many of the multiple choice 
questions in that examination to be given by 
the American Board of Thoracic Surgery 
(ABTS) will be taken from this SESATS 
syllabus. 


Please send me 
Surgery Syllabus at $100.00 per copy. Enclosed is my check in the amount of 
should be made out to Kendall/Hunt Publishing Company). 


copy(ies) of the CCCETS: Self-Education/ Self-Assessment in Thoracic 
(check 


Name 
Address 
City State ZIP 
Send to: Kendall/Hunt Publishing Company 

2460 Kerper Boulevard * Dubuque, lowa * 52001 


F80-385 
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Prior to the Annual Meeting of the American Association of Thoracic Surger' 


CURRENT CONTROVERSIES AND TECHNIQUES II 
CONGENITAL HEART SURGERY 


May 8-9, 1981 In Baltimore, Maryland 


Sponsored by: 
University of Maryland School of Medicine 
Divisions of Cardiovascular Surgery and Pediatric Cardiology 
American Heart Association, Maryland Affiliate 


GUEST PARTICIPANTS: 


Robert Anderson, London, England Francis Fontan, Bordeaux, France 
Frederick Bowman, New York City, NY James Malm, New York City, NY 
Gerard Brom, Leiden, Netherlands Albert Pacifico, Birmingham, AL 
Alain Carpentier, Paris, France Lucio Parezan, Bergamo, Italy 
Gordon Danielson, Mayo Clinic, MN Jaroslav Stark, London, England 


Paul Ebert, San Francisco, CA 


BUS TRANSPORTATION WILL BE PROVIDED TO THE AMERICAN ASSOCIATION 
OF THORACIC SURGERY MEETING IN WASHINGTON D.C. ON MAY 10, 1981. 


Emphasis will be placed on intra-operative technical 
approach and peri-operative management of a 
variety of congenital cardiac malformations. A 
unique opportunity to discuss controversial topics 
and meet with a prestigious international faculty. 


Program of Continuing Education 
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Jon’'t Need C 


.. Some Should 


During vein distention preparatioń for coronary 
bypass, damage to the vasculamendothefum is 
often caused by excessivelythigh pressure gener- 
ated in the vein without the surgeon’s awareness. 
igh pressure can reduce long term patency of 
he vein. Now there is a convenient device for per- 
orming vein distention and irrigation which limits 
he internal pressure in the vessel to a safe range, 
preventing further damage to the endothelium. 


he Bonchek-Shiley Vein Distention System 
eatures a unique pressure limiting balloon, irriga- 
ion cannula, stopcock, syringe and sterile vein 
storage tray. The pressure limiting balloon acts 
as a reservoir and gradually fills the vein ata 
imited pressure. After the balloon reservoir has 
been filled and the vein pressurized, the stopcock 
s placed in the closed position. This allows 

he surgeon to use both hands to close off side 
pranches and manipulate the vein while the irriga- 
ion fluid continues to pressurize the vein. 


he Bonchek-Shiley Vein Distention System is 
available with a balloon reservoir rated at a 
ominal pressure of 200 mm Hg (BSVD-200), 
300 mm Hg (BSVD-300), and 400 mm Hg 
BSVD-400). 


or further technical information contact your 
Shiley Representative. 


Some Pressures” 


Shiley 


Shiley-Howmedica 

350 Avenue Louise 

Boite 17 

B-1050 Bruxelles, Belgium 
Tel: (02649) 6137 

Telex: 26178 PMSEURb 


Shiley Inc. 

17600 Gillette Avenue 
Irvine, CA 92714 USA 
(714) 979-0500 

(800) 854-3683 

Cable: SHILEYINCIRIN 
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Medtronic Spectraflex leads. 


Because sometimes life depends 
on a firm foothold. 


A tiny sprout takes a stubborn grip on a rock, 
digs in and grows into a mighty tree. In the 
same way, your pacemaker patients long- 
term vigor can depend on the firm anchoring 
of a tiny lead. 

Thats why Medtronic offers you the world’s 
broadest spectrum of positive anchoring 
leads, including the Spectraflex unipolar 
and bipolar tined models, the new standards 
of ventricular pacing technology. Medtronic 
introduced the first positive anchoring 
leads. And now, with Spectraflex leads, we 
can help you make both ventricular and 
atrial-ventricular pacing simpler and more 
effective. 

For AV pacing in most patients, one thin, 
slippery Spectraflex lead is easily passed in 
the same vein with one of our new urethane 
atrial leads. 

In both AV and ventricular pacing, you 
can expect superior performance from Spec- 
traflex leads. They are designed for better 
electrical efficiency, less likelihood of frac- 
ture and, of course, stability because of the 
proven effectiveness of their tines. The 
urethane-wrapped DBS (drawn brazed 
strand) coil conductors offer five times the 
flex life of older style leads. And the ring-tip 
electrode provides efficient sensing and 
stimulation thresholds while minimizing 
tissue trauma. 

Only Medtronic’s proven, reliable tech- 
nology could make these bold steps possible. 
And well keep setting the standards for 
leads, pacemakers and pacing support, to 
help you give your patients a firmer hold on 
life. 





Medtronic |) 


Leading the way to man’s heart. 


MEDTRONIC PRODUCT 
INFORMATION SUMMARY 


Medtronic Implantable Pacing Leads and 
Accessories 


Intended Use— 


Medtronic implantable pacing leads and accessories 
are designed to be used with Meatronic pulse gener- 
ators as part of a cardiac pacing system (see product 
labeling for specific directions regarding applica- 
tions). 


Contraindications— 


Endocardial pacing leads are contraindicated in the 
presence of tricuspid valvular disease. 

Myocardial leads are contraindicated for a pa- 
tient whose myocardium is thin-walled, suffused with 
fat or infarcted in the area of electrode placement. 

Myocardial leads may be contraindicated in the 
older high-risk patients with a low tolerance to gen- 
eral anesthesia. 

Use of the introducer is contraindicated if the 
patient has a known or suspected obstruction in the 
subclavian vein. There is increased risk of 
pneumothorax. Poor healing may result in the patient 
who has had irradiation to the anterior chest. 

Temporary leads are contraindicated for a pe- 
tient whose myocardium is thin-walled, suffused with 
fat, or infarcted in the area of electrode placement. 


Warnings— 
An implanted lead or lead/adaptor combination con- 
stitutes a direct, low-resistance current path to the 
myocardium. During the connection and testing pro- 
cedures, only battery-powered pulse generato's 
should be used with the lead system to protect 
against ventricular fibrillation induced by alternating 
current leakage. Extreme caution must be taken to 
properly ground all line-powered equipment used in 
the vicinity of the patient. 

Lead adaptors, lead extenders and repair kits 
should not be used if the integrity of the lead is in 
doubt. 


Precautions— 

The pacing system may cease to function due to 
lead-related problems such as displacement, frac- 
ture, fibrotic tissue formation and elevated thresholds. 


Side Effects— 

Body rejection phenomena, infection, erosion or mi- 
gration through body tissue, transvenous lead- 
related thrombosis, embolism. 


How Supplied— 

Medtronic permanent implantable leads and aczes- 
sories are supplied sterilized and, in most cases, 
individually packaged. 


Subscription Service 


Attach your mailing 
label here 


and mail this whole 


form to 


The Annals of Thoracic Surgery 
Little, Brown and Company 

34 Beacon Street 

Boston, MA 02106 


Change of Address? 

Please give us 4 weeks advance notice. Attach the label 
for your old address above, write in your new address 
below. 


Entering a New Subscription? 

Check the box and fill in your name and address be- 
low. Include your check in the amount shown below. 
(To order a gift subscription please attach a separate 
sheet with full instructions and include payment.) 


Renewing? 

Check the box below, include your check in the 
amount shown below — and make sure your mailing 
label is correct. 


A Question, Complaint? 
We can serve you better and faster if you will enclose 
your mailing label with any correspondence. 


Please send The Annals of Thoracic Surgery 
1 Year (12 issues) 


USA Canada Foreign 


Individual $39.50 $40.50 $42.50 
Resident, Intern $29.50 $30.50 $32.50 
Institution $44.50 $45.50 $47.50 


O New Subscription [] Renewal 


O Payment enclosed 
in the amount of $ 


Name 
Specialty 
Address 
City 


State/Zip 















Radiopaque 


At last, intra-aortic matte 
balloon pumping | / 
, Without surgery. / d 
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Datascope introduces 
the PERCOR balloon — 
forpercutaneous / 
insertion. 


lliac artery 


Sheath 


Inguinal ring 


For all of its benefits, intra-aortic balloc 
pumping has had one ever-present shortcc 
ing. The balloon had to be inserted and 
removed surgically. 
Femoral The Datascope*PERCOR balloon* puts ar 
artery end to all that. 
This remarkably innovative device is easily 
and quickly inserted through the skin, using 1 
Seldinger catheterization technique. 











Catheter 










a * N The surgical insertion that used to take 20 to 
|! vp minutes is now completed without surgery in 
"Ww oU approximately 5 minutes. Further, removal is accor 
Radiopaque a plished in minutes without surgery as well. 
marker j With this new technique, it is apparent that intra-aortic ballo 
pumping, when indicated, will be used by more medical speciali 
in a wider variety of clinical settings for the benefit of increasing 
numbers of patients. In the ope! 
ing room, the catheterization lak 
CCU and emergency room. By: 
surgeon, the radiologist, the 
Cardiologist. 

We would be pleased to senc 
you more information about our 
revolutionary device and to 
schedule a filmed demonstratioi 
of its use. Call Robert Rewolinsk 
Manager, Cardiac Assist 
Products, at 201-265-8800 
or write him at Datascope Corp. 


Dept. #5-G, 580 Winters Avenue 


PERCOR™ balloon PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. 


The Datascope PERCOR" intra-aortic balloo: 


Clinical reference: Preliminary Clinical Experience With Percutaneous Intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldsteir 
Thomas A. Sos, John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstract published in CIRCULATION, Part 
Vol. 60, No. 4, October 1979, PP Il-103. *U.S. and foreign patents pending. 








CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 34, ABS, ABTS, uni- 
versity trained, presently at major university medical cen- 
ter, wishes to enter private practice or relocate to another 
teaching program. Experienced in adult and pediatric car- 
diac, thoracic, and vascular surgery. Will consider all loca- 
tions. CV and operative experience available upon request. 


Please respond to W-238, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 33, ABS certified, ABTS eligible, 
major university hospital-trained in all aspects of thoracic 
and cardiac surgery. No geographical preference. Seeks fac- 
ulty position or association with private group. Available 
July, 1981. 


Please respond to W-241, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Chief resident, cardiothoracic surgery, 30, completing busy 
accredited program in leading university medical center, 
seeks private practice, July, 1981. Academic offers wel- 
comed. Operative experience in large trauma facility, bal- 
anced with intense adult-pediatric cardiac, pulmonary, and 
esophageal services. 


Please respond to Mike Brothers, M.D., 308 Robinhood Dr, 
Irving, TX 75061; tel: (214) 259-6164 or (214) 688-3568. 





Cardiac, thoracic, and vascular surgeon, 36, ABS, ABTS, 
university trained, would like to relocate to East Coast. Four 
years' experience in university-affiliated private practice. 
Prefers diversified practice with 3 to 5 other CVT surgeons. 


Please respond to W-247, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A-OR 


Cardiothoracic-vascular surgeon, late 40s, ABS, ABTS cer- 
tified, presently director of cardiothoracic university center 
clinic, highly experienced, seeks affiliation leading to 
partnership or full time in New York or New Jersey. Avail- 
able immediately. 


Please respond to W-248, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 36, ABS certified, ABTS eligible, 
seeking affiliation leading to partnership with a private 
group. AOA, trained in all facets of thoracic, cardiac, and 
peripheral vascular surgery in major university hospital. No 
geographical preference. Available July, 1981. Curriculum 
vitae upon request. 


Please respond to W-249, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, ABS, ABTS certified, 
wishes to relocate. University trained, publications, three 
years’ experience in adult cardiac, thoracic and vascular 
surgery in private practice. No geographical preference. 


Please respond to W-250, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 





Thoracic-vascular surgeon wanted to join practicing tho- 
racic surgeon. Excellent opportunity for Board-certified 
or Board-eligible thoracic surgeon in growing East coast 
Florida community. Complete training in all aspects of 
thoracic and peripheral vascular surgery required. 


Please respond to A-212, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic surgical group in suburban Boston seeks new as- 
sociate, ABTS certified or eligible. 


Submit resume and CV to A-214, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 





Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1981, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures (250 to 300 cases per year). 


Please respond with CV to A-226, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 





Excellent opportunity to join active private practice limited 
to thoracic, peripheral vascular, esophageal, and pace- 
maker surgery. Noninvasive vascular diagnostic laboratory, 
no cardiac surgery. Medically sophisticated, beautiful sub- 
urb of Washington, DC. ABTS certified or candidate. 


Please respond with CV to A-229, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 





Expanding multispecialty clinic in central Connecticut 
seeks thoracic-vascular surgeon, Board certified or eligible. 


Please send CV to A-230, The Annals of Thoracic Sur- 
gery, C-7079 University Hospital, Ann Arbor, MI 48109. 
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Thoracic surgeon, Board certified or eligible, wanted to join 
two others in busy university-affiliated practice covering all 
aspects of thoracic surgery, except open-heart surgery. 
Practice located in a lovely suburban community near New 
York City. Recent graduate preferred. 


Please respond to A-232, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Clinical Perfusion Instructor. The Christ Hospital is now 
considering candidates for the position of Clinical Perfu- 
sion Instructor. Duties would involve academic and clinical 
instruction plus certain administrative duties. Qualifica- 
tions: a minimum of 3 years' clinical experience plus cur- 
rently active in clinical perfusion. 


Interested persons should send curriculum vitae and salary 
requirements to William P. Hancock, Department of Hu- 
man Resources, The Christ Hospital, 2139 Auburn Ave, 


Cincinnati, OH 45219. An Equal Opportunity Employer. 


Cardiovascular and thoracic surgical group with busy prac- 
tice in southern California seeks new associate with recent 
training. Applicants must be ABTS certified or eligible. 
Adult cardiac, thoracic, and peripheral vascular training es- 
sential. 


Please respond to A-235, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular, thoracic surgeon wanted to start and be 


Chief of new open-heart surgery program. Must be Board 
certified with two years of experience following cardiac fel- 
lowship. Private practice; 679-bed, acute-care community 
hospital; medical-school affiliation; 750 caths per year; 24- 
hour, 7-day, inhouse anesthesia coverage; 120 private, 
critical-care rooms opening December, 1980. First-year 
guarantee; service area of 650,000 with no other open-heart 
program; approved Certificate of Need. 


Contact Carl A. Udall, Aultman Hospital, Canton, OH 
44710; tel: (216) 438-6352. 


General-thoracic-vascular surgeon wanted to associate with 
multispecialty group located in San Fernando Valley. No 
cardiac surgery. Complete training in all aspects of thoracic 
and peripheral vascular surgery required. 


Write and send curriculum vitae to James D. Roorda, M.D., 
Southern California Permanente Medical Group, 4747 Sun- 
set Blvd, #AB 2, Los Angeles, CA 90027. 


Cardiovascular-thoracic surgeon wanted to join large Mid- 
west multispecialty group. Plan adult open-heart program. 
Present thoracic surgeon also doing some vascular and 
general surgery. 


Please respond to A-238, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic-vascular surgeon, Board certified or eligible, 
wanted to associate with thoracic surgeon in private prac- 
tice of thoracic and peripheral vascular surgery, including 
pacemakers, in Monterey Bay area of California. 


Please respond to A-239, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Position available at the University of British Columbia, 
Faculty of Medicine. With the expansion of the medical 
school undergraduate enrollment and the completion of the 
new Children's Hospital, a position will become available 
in the Department of Surgery during 1981. Applicants 


A-29 


should have obtained their Fellowship in the Royal College 
of Physicians and Surgeons of Canada in cardiovascular and 
thoracic surgery, and be eligible for registration by the Col- 
lege of Physicians and Surgeons of British Columbia. The 
applicant must have a proved record in clinical research 
and a strong interest in pediatric and adult cardiovas- 
cular and thoracic intensive care organization and applied 
research. Rank and salary will be according to experience 
and qualifications. 


Applications, accompanied by a curriculum vitae, and re- 
quests for further information should be sent to: The Head, 
Department of Surgery, Faculty of Medicine, 700 West 10th 
Avenue, Vancouver, BC, Canada V5Z 1L5. 


Thoracic Cardiovascular Fellowship. Fellowships in car- 
diothoracic and peripheral vascular surgery available at 
Nassau Hospital, Mineola, Long Island, NY, as of July 1, 
1981. This 530-bed hospital has ultramodern cardiac surgi- 
cal facilities. Training includes a large variety of cardiac, 
thoracic, and peripheral vascular cases. Applicants should 
be board certified or eligible in general surgery. 


Apply to Dr. M. Mohtashemi, Chief, Thoracic and Car- 
diovascular Department, Nassau Hospital, Mineola, Long 
Island, NY 11501. An Equal Opportunity Employer M/F. 


MEETING ANNOUNCEMENT 


Fifth Asian Congress of Thoracic and Cardiovascular Sur- 
gery, Hotel Taj Coromandel, Madras, India, Feb 14-18, 
1981. 


Contact: Secretary, Asian Congress, 15 East St, Kilpauk 
Garden Colony, Madras 600 010, India. 


PATHOPHYSIOLOGY 
AND TECHNIQUES OF 
CARDIOPULMONARY BYPASS 


The First Annual San Diego 
Cardiothoracic Surgery Symposium 


February 20-22, 1981 


Mission Bay Hilton 
San Diego, California 


Course Director: Joe R. Utley, M.D. 


Sponsored by The Cardiothoracic Research and 
Education Foundation, The Vascular Disease 
Foundation, The National Critical Care Institute of 
Education, San Diego American Heart Association, 
Lung Association of San Diego and Imperial 
Counties, San Diego Pulmonary Society. 


Continuing education credit for physicians, per- 
fusionists, and nurses. $250 physicians; $125 per- 
fusionists, nurses, residents. For information write: 
CREF, P.O. Box 33185, San Diego, CA 92103, or 
call (714) 272-3126. 
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Programalith 6 is 
the full six -parameter 
interrogatable, programmable 
pacemaker. In conjunction with 
the Programmer, Programalith 6 
provides the physician with 

the means for comprehensive 
paced-patient management 
while obviating many common 
reasons for invasive pacing 
system revision. 


Interrogatable 










PROGRAMMABLE 
INTERROGATABLE | 
PULSE GENERATOR 
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For less critical 
applications, Programalith 3 
provides the physician with 

the same basic interrogation 
capabilities as Programalith 6, 

as well as three programming = 
functions -pacing rate, pulse 

width and sensitivity all with 
multiple options. 


Only after you have reached the ultimate in sophistication can you truly simplify. 
This new 6-3-1-0 family of Programalith® Interrogatable™ pacemakers is ideal 
demonstration of that fact. It is the most flexible system ever offered the physician. 
Even the simplest of these four pulse generators offers the all-important Pacesetter 


exclusive: a simple method of calculating years of remaining battery capacity 


as well as an accurate determination of possible problems and their location, 
through measurement by interrogation of lead and heart interface impedance, 
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Pacesetter’ Systems, lac. 


a Complete Family o 
™ Pacemakers. 
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PROGRAMMABLE p^ 
| PULSE GENERATOR PULSE GENERATOR 
Programalith 1 For simplest applications, 
interrogates and programs a Programalith 0 requires no programming, 
single parameter -pacing rate — yet can still be interrogated for all measure 
allowing the physician to choose data, providing invaluable assistance in lo 
from 12 different options and term patient ; 
y^ provides the all-important management. 
. Interrogation function | 
as well. 
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battery impedance and battery current. Part of the 

flexibility of this new system derives from the 

complete integration of all units with the one single 

programmer the physician will ever need - 

the one Pacesetter supplies to you with the first 
« implant of any one of these pacers. 

No wonder they call us Pacesetter. 
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12884 Bradley Avenue, Sylmar, CA 91342 USA e (213) 362-6822 e Telex: 698415 (Paceseter Sylm) 


Sixteen years ago Bentley Laboratories 
designed and built 

the first hard-shell disposable 
oxygenator with an integral 

heat exchanger. 


In November 1980 we produced 
our one millionth 
disposable oxygenator. 


We wish to extend our appreciation 

to everyone who has 

supported our efforts through the years 
and made us the largest 

manufacturer of blood oxygenators 

in the world. 
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It's no secret William Harvey has a seal and bond is challenged. And 
reputation for reliability. Our PSST every one must hold. Because if they 
(Pressure Standard ScreeningTest) sone can’t take the pressure, they don’t 
of the reasons why. Every WILLIAM pass the PSST. 


HARVEY oxygenator under- The PSST. Your assurance of 
goes the PSST procedure an oxygenator that is built to 

to ensure the integrity of its exceed your demands. It’s one 
assembly. Our unique PSST more way we back up the 


Monitor automatically pres- WILLIAM WHARVEY William Harvey check-on-check 
surizes each oxygenator. Every symbol of reliability with facts. 





William Harvey, A Division of C.R. Bard, Inc., 1425 S. Village Way, Santa Ana, California 92705. 
(800) 854-3917. In California (714) 835-2422. | 
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Thanks a million! 
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electrode can make these two points. 
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Ti-Cron® silicone treated polyester fiber 
sutures, Surgilon® silicone treated 
braided nylon sutures, Silk and Steel. 
And you Il always know which 
sutures you’re working with, because 
the package is labeled on the inside as 
well as on the outside. 
The end result is a significant saving ş 
of time and effort in all your 
cardiovascular procedures. 


elps make cardiovascular surgery 
and easier to perform, but it isn't 
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designginvitro testing and dóntrolled clinical investigation 
leadifig to FDA marketingf&pproval of the Bjórk-Shiley 
Eu v Prosthesj$'with Convexo-Concave disc. 


Improvements i in: thromboresistance, hemodynamic performance 
and strength Of the inlet strut have all been achieved. Importantly, 
this has been accomplished without sacrificing any of the design 
features which made the original Bjórk-Shiley valve a universal 
standard for valvular replacement. For complete clinical data, 
contact your Shiley representative. 


aa Shiley Inc. 
17600 Gillette Avenue 
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and preserve your personal copies of 


ANNALS OF THORACIC SURGERY 


A durable custom-designed Library Case or Binder 
will protect your copies of the ANNALS OF 
THORACIC SURGERY from loss and wear. At the 
same time, this impressive addition to your library 
will help you conserve valuable space and reduce 
clutter. Both the case and the binder come in hand- 
some maroon simulated leather, with an embossed 
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Scuff-resistant and washable, each includes gold 
transfer so you can print the volume and year. 


Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest, and 
sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure; cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 


‘tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 


symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 


idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 


Order your Library Case or Binder for the 
ANNALS OF THORACIC SURGERY by simply 
mailing the coupon below with your check, specify- 
ing with your order which style and size you prefer. 
Satisfaction is unconditionally-guaranteed or your 
money back. 


There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported 


CAUTION: Federal (U.S. A.) law restricts this device to sale 
by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 
undergoing clinical evaluation. 
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CyberLith...the most sophisticated 
programming system ever. 


Reliable 

The CyberLith all electronic pro- 
gramming system assures reliability by 
eliminating phantom or cross-program- 
ming. The use of accurate crystal oscilla- 
tors ensures precision transmission of 
programming information. 
Safe 

The CyberLith programming safety 
features help avoid unnecessary cardiac 
rhythm disturbances. Further, it is not 
necessary to place the pulse generator in 
the asynchronous mode during the pro- 
gramming session. The safety features 
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also allow automatic error identifica- 
tion, preventing transmission of incom- 
patible programming commands. 
Convenient 

The CyberLith programming system 
is fast — all five parameters are pro- 
grammed within 40 milliseconds. 
Available 

CvberLith pacing systems are avail- 
able now! Pulse generators, program- 
mers, leads, telemetry equipment, and 
patient transmitters and receivers. 

As the pioneers of multi-parameter 
programmable pacing technology, 
Intermedics has maintained its role as 
the manufacturer of the most advanced 
systems. Our commitment is to keep in 
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pace with your desire for excellence in 
pacing therapy. 
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or contact your local Intermedics 
representative. 
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, What m. 
colleagues have to say 
about GORE-TEX” 


Presented here is the most current 
bibliography of papers concerning the 
use, and effectiveness, of GORE-TEX 
vascular grafts. 

We are pleased with the number 
of surgeons who have chosen to work 
with, and report on, GORE-TEX 
grafts. The papers listed here represent 
the independent findings of respected 
surgeons, none of whom are connected 
with Gore. 

We are particularly pleased that 
the most recent papers are at least as 
positive in their findings as the early 
ones. And that reported patency rates 
continue tohold firm, even as the 
rate of use increases. 

We still believe that prudence 
and experience indicate the saphenous 
vein as the graft of choice, whenever 
it is available, in good condition, and 
when its removal would not increase 
surgical risk. But the more data we 
accumulate, the more certain we 
become that the GORE-TEX graft is the 
next-best alternative to autografts. 

We wish we had a more substan- 
tial body of long-term clinical data 
(five years follow-up and beyond) to 
offer you as proof. But that is simply 
a matter of time and circumstance. 
Our longest-term patients are just now 
reaching the five-year mark; others 
will soon follow. As our clinical data 
is updated, we'll continue to publish 
the results, so that you can stay in- 
formed of long-term patency. 


Free reprints, 
test-pack. 


You can have your choice of any 
of the papers listed below, just by using 
the coupon in this advertisement. 

In addition, so that you can test 
the handling and suture-holding 
characteristics of GORE-TEX grafts 
in the most meaningful fashion, we'll 
also be glad to send you a test kit. This 
kit, not intended for actual surgery, 
includes a short length of GORE-TEX 
graft and a 6-0 double-armed suture. 
Just check the appropriate box. 


1. Use in Lower Limbs 


a. The Expanded Polytetrafluoroethylene Graft 
M. Haimov, M.D., Archives of Surgery 114: 
673-677, 1979; copyrighted by American Medical 
Association, Chicago, Illinois. 

b. Expanded Microporous Polytetrafluoroethylene 
as a Vascular Substitute: A Two Year Follow-Up 
C. D. Campbell, M.D., Surgery 85: 177-183, 1979; 
copyrighted by The C. V. Mosby Company, 

St. Louis, Missouri. 

c. Comparison of Expanded Polytetrafluoro- 
ethylene and Autologous Saphenous Vein Grafts 
in High Risk Arterial Reconstructions for Limb 
Salvage Frank J. Veith, M. D., Surgery, Gynecology 
& Obstetrics 147: 749-752, 1978: copyrighted by 
The Franklin H. Martin Memorial Foundation, 
Chicago, Illinois. 

d. Expanded Polytetrafluoroethylene Grafts in 
Reconstructive Arterial Surgery — Preliminary 
Report of the First 110 Consecutive Cases for Limb 
Salvage Frank J. Veith, M. D., The Journal of the 
American Medical Association 240: 1876-1879, 
1978; copyrighted by The American Medical 
Association, Chicago, Illinois. 

e. Nonvein Bypass in Below-knee Reoperation 

for Lower Limb Ischemia John J. Bergan, M. D., 
Surgery 84: 417-424, 1978; copyrighted by The 

C. V. Mosby Company, St. Louis, Missouri. 

f. Initial Experience with the Polytetrafluoro- 
ethylene Graft for Limb Salvage: A Report on 
Twenty Patients P. D. Fry, M. D., The American 
Journal of Surgery 136: 193-197, 1978; copyrighted 
by Technical Publishing Company, New York, 
New York. 

g. The Use of Expanded Microporous Polytetra- 
fluoroethylene for Limb Salvage: A Preliminary 
Report C. D. Campbell, M. D., Surgery 79: 485-493, 
1976; copyrighted by The C. V. Mosby Company, 
St. Louis, Missouri. 

h. Physical Characteristics of Implanted Poly- 
tetrafluoroethylene Grafts — A Preliminary Report 
Richard F. Kempczinski, M. D., Archives of Sur- 
gery, 917-919, 1979; copyrighted by The American 
Medical Association, Chicago, Illinois. 


2. Extra-anatomical Use 

a. Extra-Anatomic Bypass with Expanded Poly- 
tetrafluoroethylene C. D. Campbell, M. D., 
Surgery, Gynecology € Obstetrics 148: 525-530, 
1979; copyrighted by The Franklin H. Martin 
Foundation, Chicago, Illinois. 

b. New Approaches to Limb Salvage by Extended 
Extra-Anatomic Bypasses and Prosthetic Recon- 
structions to Foot Arteries Frank J. Veith, M. D., 
Surgery 84: 764-774, 1978; copyrighted by the 

C. V. Mosby Company, St. Louis, Missouri. 


3. Use as Arterio-Venous Fistulae 


a. Vascular Access: Long-term Results, New 
Techniques W. Peter Geis, M. D., Archives of Sur- 
gery 114: 403-409, 1979; copyrighted by American 
Medical Association, Chicago, Illinois. 

b. Expanded Polytetrafluoroethylene Graft Fistula 
for Chronic Hemodialysis Vivian A. Tellis, M. D. 
Annals of Surgery 189: 101-105, 1979; copyrighted 
by J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

c. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial Study of Histology and Fibri- 
nolytic Activity R. Shack, M. D., The American 
Surgeon 43: 817-825, 1977; copyrighted by The 

J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 

d. Peripheral Blood Access for Hyperalimenta- 
tion: Use of Expanded Polytetrafluoroethylene 
Arteriovenous Conduit T. J. Buselmeier, M. D., 
The Journal of the American Medical Association, 
1977: copyrighted by American Medical Associa- 
tion, Chicago, Illinois. 

e. A Prosthesis for Blood Access in Patients with 
Thrombosis of Peripheral Vasculature T. J. Busel- 
meier, M. D. Dialysis & Transplantation 6: 48-49, 
1977; copyrighted by Dialysis & Transplantation, 
Sherman Oaks, California. 

f. A Synthetic Vascular Conduit (Expanded PTFE) 
for Hemodialysis Access — A Preliminary Report 
B. M. Pasternak, M. D., Vascular Surgery 11: 99-102, 
1977; copyrighted by Angiology Research Founda- 
tion, Great Neck, New York. 


g. Polytetrafluoroethylene Grafts for Arteriovenous 
Fistulae: Preliminary Report A. H. Mohaideen, 

M. D., New York State Journal of Medicine 76: 
2152-2155, 1976; copyrighted by The Medical 
Society of the State of New York, Lake Success, 
New York. 


4. Aorta-Coronary and Pulmonary Use 
a. Aorta-Pulmonary Artery Shunts with Expanded 
Polytetrafluoroethylene (PTFE) Tube S. Subra- 
manian, M. D., The Annals of Thoracic Surgery 
27: 413-417, 1979; copyrighted by The Society of 
Thoracic Surgeons. 
b. Repair of Type B Interruption of the Aortic 
Arch in a Three Day Old Infant Using Micro- 
porous Expanded Polytetrafluoroethylene Arterial 
Prosthesis James S. Donahoo, M. D., Journal of 
Cardiovascular Surgery 20: 57-60, 1979; copy- 
righted by J. B. Lippincott Company, Philadelphia, 
Pennsylvania. 
c. Use of Microporous Expanded Polytetrafluoro- 
ethylene Grafts for Aorta-pulmonary Shunts in 
Infants with Complex Heart Disease Rufus B. 
Jennings, Jr., M. D., The Journal of Thoracic and 
Cardiovascular Surgery 76: 489-494, 1978; copy- 
righted by The C. V. Mosby Company, St. Louis, 
Missouri. 
d. Aorta-coronary Artery Revascularization with 
an Expanded Polytetrafluoroethylene Vascular 
Graft Taro Yokoyama, M. D., and Jerome Harold 
Kay, M. D., The Journal of Thoracic and Cardio- 
vascular Surgery 76: 552-555, 1978; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 
e. Coronary Bypass with GORE-TEX* Graft 
J. Ernesto Molina, M. D., The Journal of Thoracic 
and Cardiovascular Surgery 75: 769-771, 1978; 
copyrighted by The C. V. Mosby Company, 
St. Louis, Missouri. 
f. Arterial Prosthesis of Microporous Expanded 
Polytetrafluoroethylene for Construction of Aorta- 
pulmonary Shunts Alan B. Gazzaniga, M. D., 
The Journal of Thoracic and Cardiovascular Sur- 
gery 72: 356-363, 1976; copyrighted by The C. V. 
Mosby Company, St. Louis, Missouri. 


5. Venous Use 

a. Interposition Grafting with Expanded Poly- 
tetrafluoroethylene for Portal Hypertension Allan 
D. Callow, M. D., Surgery, Gynecology, e) Obstet- 
rics 48: 187-190, 1979; copyrighted by The Franklin 
H. Martin Memorial Foundation, Chicago, Illinois. 
b. Patency of Biologic and Prosthetic Inferior 

Vena Cava Grafts with Distal Limb Fistula Samuel 
Wilson, M. D., Archives of Surgery 113: 1174-1179, 
1978; copyrighted by The American Medical Asso- 
ciation, Chicago, Illinois. 

c. Segmental Venous Replacement: A Compari- 
son of Biological and Synthetic Substitutes David 
E. Smith, The Journal of Thoracic and Cardio- 
vascular Surgery 69: 589-598, 1976; copyrighted by 
The C. V. Mosby Company, St. Louis, Missouri. 

d. Replacement of Portal Vein During Pancrea- 
tectomy for Carcinoma B. Eiseman, M. D., Surgery 
77: 280-284, 1975; copyrighted by The C. V. Mosby 
Company, St. Louis, Missouri. 

e. Use of GORE-TEX Grafts for Replacement of 
the Superior and Inferior Venae Cavae Lawrence 
H. Cohn, M. D., The Journal of Thoracic and 
Cardiovascular Surgery 67: 774-779, 1976; copy- 
righted by The C. V. Mosby Company, St. Louis, 
Missouri. 

f. ANew Venous Prosthesis T. Soyer, M. D., 
Surgery 72: 862-872, 1972; copyrighted by The 
C. V. Mosby Company, St. Louis, Missouri. 


6. Cerebral Surgery 


a. Cerebral Revascularization: Proximal External 
Carotid to Distal Middle Cerebral Artery Bypass 
with A Synthetic Tube Graft Jim L. Story, M. D., 
Neurosurgery 3: 61-65, 1978; copyrighted by The 
Congress of Neurological Surgeons, Winston- 
Salem, North Carolina. 
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xm. 
vascular 
in brief. 


GORE-TEX vascular grafts are 
made of expanded, low density 
polytetrafluoroethylene (PTFE), rein- 
forced by a strong, fine lattice of 
the same material wound about the 
exterior. 

GORE-TEX vascular grafts 
are easy to handle and kink-resistant. 
They exhibit high suture-holding 
power. And they are, of course, fully 
biocompatible. Unlike knitted or 
woven prostheses, they do not require 
pre-clotting. 

GORE-TEX vascular grafts are 
available in a wide range of diameters, 
up to 22mm. 


Instructions 
for use. 


Opening the Package: 

Place one hand on the PVC blister tray 

and peel back the cover with the other hand. 
Remove the GORE-TEX graft from the tray 
using clean gloves or forceps. 


To Sterilize: 

Grafts may be sterilized using steam or gas 
techniques. Remove the graft from the PVC 
blister tray and repackage it for sterilization. 
Take care not to place the graft under heavy 
or sharp objects during sterilization which 
might crush the graft. Insure that you do not 
attempt to sterilize the label attached to the 
PVC blister tray with the graft, as the ma- 
terials on the label (inks and adhesives) may 
contaminate any objects in contact with the 
label during the sterilization cycle. 

Using a gravity displacement steam steri- 
lizer, autoclave at or above these minimum 
requirements: 270°F (132°C) for 15 minutes 
at 30 psi. Grafts must never be exposed to 
temperatures greater than 482°F (250°C). 
Using a pre-vacuum steam sterilizer, auto- 
clave at or above these minimum require- 
ments: 270°F (132°C) for 4 minutes at 30 psi. 
Grafts should never be exposed to tempera- 
tures greater than 482°F (250°C). 

Using gas, sterilize according to equipment 
Do not sterilize this graft by radiation tech- 
niques. 

The GORE-TEX graft may be sterilized many 
times without compromising its mechanical 
or structural integrity. If the graft is handled 
gently, with gloved hands or clean instru- 
ments and without undue manipulation, 
unused portions of the graft may be sterilized 
as often as necessary. Do not attempt to 
re-sterilize any unused graft portion that has 
been contaminated with blood or any foreign 
material. 


*Surgicel is a registered trademark of Surgikos 


Instructions: 

1. Use a 5-0 or 6-0 non-absorbable suture 
with a cardiovascular needle for best results 
on graft diameters of 6mm or less. Larger 
sutures may be used with larger diameter 
grafts. Use only non-absorbable sutures. 


2. Intra-operative inspection of anastomoses 
using irrigant solutions may result in serum 
leakage when blood flow is established in 
the graft. To prevent this, care must be taken 
not to generate syringe pressures sufficient 

to force irrigant through the graft walls. Todo 
so will alter the hydrophobic (non-wetting) 
properties of GORE-TEX grafts. 

3. Trim grafts to desired length using sharp 
surgical instruments. Grafts should be han- 
dled with clean forceps or gloves. GORE-TEX 
grafts are not "elastic Therefore, proper 
matching of lengths is essential. If the graft 
is cut too short, excessive stress may be 
placed on the sutures, vessel, or graft at the 
anastomosis. 


4. Bleeding from suture holes may be mini- 
mized by using as small a suture needle as 
possible; and by following the curve of the 
needle through the graft wall. Topical 
thrombin solution may be applied to the 
suture line in conjunction with Surgicel* or 
Oxicel* soaked in thrombin to aid in mini- 
mizing anastomotic bleeding. 

5. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are nec- 
essary, that needle puncture sites 

are spaced apart along the accessible 
subcutaneous length of the graft. 
Repeated needle puncture of the 
graft at the same site, or within 
the same immediate area, 
may cause mechanical 


damage to the graft 


which could lead to hematoma, false 
aneurysm or true aneurysm. Patients should 
be carefully monitored to assure that this 
instruction is followed. 


Precautions: 
1. Do not pre-clot the graft. 


2. Do not cut the graft while holding under 
excessive tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX graft 


d 
is a composite structure consisting of an inner 


base tube and a thin outer layer which 
reinforces the base tube to prevent aneurys- 
mal dilation. Do not use any portion of a 
GORE-TEX graft which has damage to, or 
separation of, the outer layer of the graft. 


Johnson/Johnson 


*Oxycel is a registered trademark of Parke-Davis, Inc. d 
*Betadine is a registered trademark of - 


Purdue Frederick Co., Norwalk 


®GORE-TEX is a registered Trademark 


of W. L. Gore Associates. 


Should the outer reinforcing layer become - | 
frayed at the end of the graft, do not pull _ 
on or peel the outer layer from the base tube 
Carefully trim off the portion of the graft 
where the outer layer is frayed. 
3. Do not allow the graft to become wetted. ' 
The normally hydrophobic GORE-TEX Va 
cular Graft can be wet with organic solvent. 
such as alcohol or Betadine”; by excessive 
manipulation of the graft with blood prior # 
bringing it through the tunnel; or by for- 
cing irrigating solutions through the wall. 
Wetting prior to establishing blood flow _ 
may create a condition which could allow | 
persistent plasma leakage. 







4. Do not puncture the graft repeatedly at | 


the same site, or within the same immediat 


area. (See Instruction #4.) | 


Please Note: | 
Our animal data does not support the use | 
of this graft in aorta-coronary bypass appli: 

tions. We have insufficient clinical data on 
which to base any conclusions regarding _ 
this application. We 
also have = 

































cient data on wł 
to recommend 
its use as patch 
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material. 
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(FOR 


W. L. Gore & Associates, Inc. 
P. O. Box 1220 
Route 213 North 

Elkton, MD 21921 





-] Please send me your GORE-TEX 
vascular graft test kit. 


_] Please send me the reprints whose 
numbers I have checked. 


_] Please send me additional reprints 
as they are published. 


_] Please have your representative call 


for an appointment. 
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EDITORIALS 


Left Ventricular Rupture 


after Mitral Valve Replacement 


Viking O. Bjórk, M.D. 


Gosalbez and associates from Spain (this issue, 
p 105) have focused attention on the very se- 
vere complication of left ventricular rupture 
after mitral valve replacement. This complica- 
tion can happen after an otherwise straightfor- 
ward, easy operation and can prove fatal, par- 
ticularly if the rupture does not occur until the 
chest is already closed and the patient is in the 
intensive care unit. For successful repair, ex- 
tracorporeal circulation is mandatory, and 
therefore only a patient whose rupture oc- 
curs while he is still in the operating theater 
will recover. 

In 1977, my colleagues and I published our 
7-year experience with a series of 394 patients 
who underwent mitral valve replacement. Eight 
of these patients had a left ventricular rupture, 
and 5 survived. During the last 5 years, 3 more 
patients in a series of 456 patients experienced 
left ventricular rupture. It is most important 
that a better understanding of the factors caus- 
ing this complication be achieved so that it can 
be avoided. In common with others, we have 
found that cardioplegia will not prevent rup- 
ture. 

Gosalbez and co-workers point out the 
danger of making stitches too deep in cases of 
pure mitral insufficiency. I fully agree that it is 
necessary to put sutures only through the base 
of the mitral leaflet. If the needle penetrates 
behind the valve leaflet insertion, a hematoma 
with dissection and rupture in the atrioven- 
tricular groove may be the result. Therefore, I 
consider that this article by Gosalbez and asso- 
ciates is of great value in that it emphasizes the 
importance of meticulous care in the placement 
of sutures to avoid penetration into the groove. 
I still prefer, however, to remove most of the 
posterior leaflet with chordae and papillary 


From the Thoracic Surgical Clinic, Karolinska Sjukhuset, 
Stockholm, Sweden. 


muscle, thereby saving a 5 mm rim of the leaflet 
for suture. 

I definitely disagree when Gosalbez and co- 
workers recommend examination of the pos- 
terior side of the heart after operation to look for 
hematoma. Every time the heart is dislocated 
forward with the prosthesis in place, undue 
tension is exerted by the prosthesis in the 
groove and on the sutures in the posterior part 
where a rupture may occur in the groove. I con- 
sider this traction by dislocation of the heart 
forward to be the most important single factor 
causing left ventricular rupture. In our clinic, 
we have abandoned the procedure of draining 
the left ventricle from its apex, as it is necessary 
to dislocate the heart forward for closure of the 
drainage hole. We do not lift the heart forward 
to evacuate air by puncture, but instead place a 
drainage tube through the atriotomy and the 
valve, let the left ventricle fill up, and connect 
the tube in the aortic root for cardioplegia to the 
coronary suction with the patient in the Tren- 
delenburg position. Then the aortic clamp is 
removed. | 

In summary, I agree that the sutures in the 
posterior leaflet should be placed in the valve 
remnant itself but not extend beyond the valve 
tissue. On several occasions I have used the 
atrial wall when there was no valve tissue avail- 
able, but I have never put sutures through the 
ventricle. On the other hand, I absolutely op- 
pose dislocation of the heart once the valve is 
sutured in place. Bending of the prosthesis will 
cause the sutures to tear when the heart is lifted 
forward and can lead to eventual hematoma and 
rupture as a complication. In the only 3 patients 
who experienced rupture during the last 5 
years, two ventricles were elevated, and in 1 
patient a suture had been placed too deep on 
the posterior side of the heart. One of the 3 pa- 
tients is a long-term survivor of repair of the left 
ventricular rupture. 


Is Extracorporeal Membrane 


Oxygenation a Viable Technique? 


E. Converse Peirce, 2nd, M.D. 


In the early 1970s, Hill and colleagues [8] re- 
ported using extracorporeal membrane oxyge- 
nation (ECMO) in the successful salvage of 
patients otherwise expected to die of posttrau- 
matic acute respiratory insufficiency. The results 
were viewed optimistically by many, and in 
1974 the National Heart and Lung Institute gave 
contracts to nine institutions to carry out a 
randomized prospective study of ECMO in 
adults with acute respiratory insufficiency [13]. 
The study was completed in June, 1977, and the 
final report issued in December, 1979 [4]. Ninety 
patients were entered into the study, and there 
were 4 survivors in the control group of 48 pa- 
tients treated with conventional mechanical 
ventilation and 4 survivors in the ECMO group 
of 42 patients receiving partial venoarterial 
bypass. Since ECMO did not reduce the mor- 
tality significantly, it is widely considered to be 
a failure [9]. 

The case reported by MacDonnell and col- 
leagues in this issue (p 171) should revive 
interest in ECMO. It demonstrates how effec- 
tive ECMO can be in overcoming an apparently 
irretrievable situation. A patient in status asth- 
maticus was admitted in coma with a partial 
pressure of arterial oxygen of 22 mm Hg and 
was treated vigorously over an eight-day pe- 
riod. Atelectasis due to thick secretions, requir- 
ing repeated bronchoscopies, became unman- 
ageable. Following a series of complications 
(pneumothorax, deteriorating compliance, ven- 
tricular tachycardia, and, finally, circulatory 
collapse), venoarterial ECMO was instituted. 
The hemodynamic situation improved rapidly 
and bronchoscopic lavage was facilitated, re- 
sulting in marked improvement in respiratory 


From the Department of Surgery, the Veterans Administra- 
tion Medical Center, Bronx, and the Mount Sinai School of 
Medicine of the City University of New York, New York, 
NY. 


Address reprint requests to Dr. Peirce, Department of 
Surgery, Veterans Administration Medical Center, 130 W 
Kingsbridge Rd, Bronx, NY 10468. 
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function during 18 hours of ECMO. Despite in- 
trapulmonary bleeding during perfusion and 
an empyema after perfusion, the patient made 
a full recovery. 

This case demonstrates some of the positive 
things about ECMO that should be more widely 
known. It is a powerful, potentially lifesaving 
technique and is supportive of both the circu- 
lation and respiration. It can provide respira- 
tory support for periods of days to several weeks 
even when there is negligible gas exchange 
in the natural lung. In the National Study 
[4, 13], on the average, oxygen consumption 
was increased by about 50% with ECMO and it 
was possible to moderate the inspired oxygen 
fraction, level of positive end-expiratory pres- 
sure, and the minute volume. Although only 4 
patients survived, others improved sufficiently 
to be weaned from ECMO and lived up to 30 
days after this. Despite the complexity of 
ECMO and the considerable number of compli- 
cations, the mortality was not increased. On the 
contrary, patients treated with ECMO survived 
somewhat longer than control patients. Why 
then, are the results of the National Study so 
unimpressive? 

Patients randomized into the ECMO study 
had only an 8 or 996 chance of survival. It was 
not intended that the study be so restrictive. 
This circumstance was the result of arbitrary 
selection criteria that proved unexpectedly 
difficult to meet. These criteria ensured that 
patients were entered late in the course of the 
acute respiratory insufficiency. Entry averaged 
7 days into the illness for control patients and 
9.6 days for ECMO patients. At this time, the 
chances of success were greatly reduced. 
Worldwide, through 1975, 26 of 176 patients 
survived (1596). These 26 patients had had a 
pulmonary problem for 54 hours on the average 
prior to perfusion; the other patients had en- 
dured the problem for 9.5 days [6]. 

Many patients suitable for ECMO were 
specifically excluded from the study. The most 
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important exclusions were infants and children, 
patients with primary cardiac failure, and pa- 
tients with moderately severe or severe cardiac 
failure complicating acute respiratory insuffi- 
ciency. Bartlett and colleagues [1] demonstrated 
a better than 5096 survival in infants with se- 
vere acute respiratory insufficiency (20 of 37) 
and a survival rate of nearly 3096 in children (3 
of 11). Patients who experience acute respi- 
ratory insufficiency after trauma or after em- 
bolism in general have major circulatory failure, 
the disease has a favorably short time course, 
and ECMO is strongly supportive. Patients 
fitting this description were mostly excluded. 

The majority of patients in the National 
Study had viral or aspiration pneumonia (57%). 
These are conditions for which there is no 
specific therapy. Patients are prone to develop 
progressive suppurative and fibrotic lung de- 
struction. Recovery, when it occurs, is very 
halting and usually requires months [3]. In such 
patients for whom specific therapy is lacking 
and no spontaneous early improvement occurs, 
ECMO is rather futile. There were only 6 pa- 
tients among 90 in the National Study with 
posttraumatic shock lung or similar problems. 
Four of these were control patients. They died, 
on the average, less than 2 days after ran- 
domization. Two had perfusion. One died in 
4 days but the other lived 30 days after 6 days 
of successful ECMO. Death was due to sepsis 
and not acute respiratory insufficiency. 

As specific therapy becomes available, 
ECMO will enjoy wider use in patients not 
manageable by usual pulmonary intensive care 
methods. Currently, most very severe forms of 
acute respiratory insufficiency in infants and 
young children are worthy of consideration. In 
adults, the most important conditions rea- 
sonably treatable with ECMO are those that 
have a major circulatory failure component such 
as posttraumatic or postperfusion lung prob- 
lems and pulmonary embolism [8, 11, 12]. In 
addition, there are a few conditions such as se- 
vere Pneumocystis carinii pneumonia, in which, 
because specific therapy for the infection is 
available, salvage of life may be possible using 
ECMO [10]. Special situations such as cata- 
strophic lung failure treatable by lung lavage, as 
in the patient reported by MacDonnell and co- 


workers, may be especially suitable for ECMO 
[2]. Patients who survive an episode of acute 
respiratory insufficiency should not be perma- 
nent respiratory cripples. Infants and children 
recover normal lung function quickly [1]. Even 
in the most severe instances of acute respiratory 
insufficiency in adults who have survived, lung 
function has improved slowly over many 
months and permanent disability is rare [3]. 
Techniques of ECMO are not yet definitive. 
There are major opportunities for improving 
equipment and procedures so that perfusions 
will be less complex, less labor intensive, and 
less productive of complications [12]. Steady 
improvement has taken place with balloon 
pumping, which is now a thoroughly accepted 
technique. It can even be carried out per- 
cutaneously. Already ECMO procedures in in- 
fants have been greatly improved [1]. As used 
by Hardesty [7] in Pittsburgh, ECMO has been 
simplified sufficiently so that, after cannula- 
tion, it can be managed well by a nurse of the in- 
tensive care unit. Further simplification also is 
possible now using the Kolobow concept that 
the extracorporeal gas exchange device need not 
oxygenate but only remove carbon dioxide as 
this permits lower effective blood flow [5]. Al- 
though widespread utilization of ECMO must 
await development of specific therapies for the 
various types of pneumonia, it is still a power- 
ful and effective modality that should be 
utilized in carefully selected patients with re- 
spiratory, circulatory, and combined failure. 
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Isolated Mitral Valve Replacement 
and Ventricular Rupture: Presentation of 6 Patients 


F. Gosalbez, M.D., F. A. de Linera, M.D., J. L. Cofino, M.D., J. L. Naya, M.D., 


J. Rodríguez, M.D., and A. Ortuna, M.D. 


ABSTRACT The cases of 6 patients who had 
ventricular wall rupture after isolated mitral valve 
replacement and were seen in our service are re- 
viewed. In the first 2, the main lesion was mitral 
stenosis and calcification was severe. Injury to the 
ventricular myocardium during removal of the valve 
was the causative factor in 1 and the most likely ex- 
planation in the other. In the other 4 patients, the 
dominant lesion was insufficiency. Calcium was ab- 
sent, and fibrosis of the valves was minimal. Defects 
of technique were not obvious. All perforations were 
beneath the annulus. The first of these 4 latter 
patients underwent operation just after cardioplegic 
solutions were introduced for myocardial protection 
in our service. During that period, the incidence of 
ventricular wall rupture was 7.3% for mitral valve 
replacement (55 patients). Causing 3 deaths, it be- 
came the most important mortality factor. 

After reviewing the problem, we decided to 
change our technique by leaving practically all the 
posterior leaflet and most of the chords intact and 
placing sutures through fibrous tissue only, never 
into muscle, as had already been suggested. Since 
then, we have not seen another rupture in 23 valve 
replacements. 


Prior to September, 1977, our total experience 
with intraoperative left ventricular rupture 
during mitral valve replacement consisted of 
only 2 patients. Defects in surgical technique 
were clearly the cause in 1 of them and were 
strongly suspected in the other. Then, over a 
period of less than two years, we experienced 
this problem four times in 55 isolated mitral 
prostheses placed. It caused 3 operative deaths, 
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75% of our total early mortality for mitral valve 
replacement. 

At first we were unable to identify any de- 
fects in surgical technique that could contribute 
to this development. Reviewing the history of 
the 4 patients, we found only one change in 
technique with respect to previous years— 
myocardial protection with aortic root cardio- 
plegic solutions, which we had been using 
routinely just since the time of the third rup- 
ture. In addition, all 4 patients had similar 
clinical characteristics: absence of calcium, 
slight or minimal fibrosis of the valves, mitral 
insufficiency as the dominant lesion, and, in 
the opinion of the surgeons involved, very little 
fibrous ring in which to place sutures. Deciding 
that these patients represented a high-risk 
group for this complication, we changed our 
technique. Since then, another 23 patients have 
had mitral valve replacement without ventric- 
ular rupture. 


Material and Methods 

All patients underwent operation through a 
midsternotomy incision. The ascending aorta 
and both cavae were cannulated for cardiopul- 
monary bypass, and there was one period of 
aortic cross-clamp time. Myocardial protection 
was achieved with moderate systemic hypo- 
thermia in the first 2 patients and in the last 4, 


additional cardioplegic solution was infused ”~ 


under pressure into the aortic root. / 
The prostheses used were all Bjórk-Shileys 


with the major opening toward the posterior 


ventricular wall. Interrupted figure-of-eigh 
sutures were placed in the posterior annulus, 
and a continuous over-and-over suture was 
used in the anterior side. In our experience, 
sutures placed through Teflon pledgets in the 
ventricular side of the posterior annulus have 
never interfered with disc motion. 

An illustrative case report from each of the 
two groups of patients follows. Patient 2 is one 


a 
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of the patients seen before September, 1977, 
and Patient 6, after that time. The most impor- 
tant data for all patients are shown in the Table. 


Patient 2 

A 42-year-old woman was seen with severe 
mitral stenosis. She was in New York Heart 
Association (NYHA) Class III. The gradient 
across the valve was estimated as 24 mm Hg, 
and the area was 1.2 cm’. Pulmonary artery 
pressure was 50/25 mm Hg, left ventricular 
end-diastolic pressure (LVEDP) was normal, 
and no insufficiency was seen. 

The valve was severely calcified and stenotic 
because of commissure fusion. Calcium ex- 
tended to the posterior annulus and to the ven- 
tricular wall. The left ventricle was perforated 
during removal of the calcium deposits. The 
perforation was recognized and confirmed by 
external inspection. Before the left atrial inci- 
sion was closed, an attempt at repair was made 
using sutures through Teflon pledgets. How- 
ever, further bleeding occurred at the end of 
bypass, and the tear extended with each at- 
tempt at suture even with a relaxed heart. Fi- 
nally the circumflex coronary artery was in- 
jured, and the heart did not resume beating 
after defibrillation was tried. 


The rupture in Patient 1 occurred in the re- 
covery room one hour after the patient left the 
operating room. At postmortem examination, 
the area around the rupture seemed to have 
been surgically thinned and in retrospect, we 
strongly suspect operative injury to be the main 
factor in this rupture. 


Patient 6 

A 56-year-old man was in NYHA Class II. He 
was referred for operation with a diagnosis of 
mitral insufficiency. At catheterization, there 
was no stenosis, massive insufficiency, pulmo- 
nary artery pressure of 34/15 mm Hg, and 
LVEDP of 10 mm Hg. Mitral prolapse with 
ruptured chords was suspected. 

During the operation, no calcium was seen. 
The leaflets prolapsed easily into the atrium, 
the chords were very thin and elongated, and 
fibrosis was absent. A No. 31 Bjórk-Shiley valve 
was placed. The ischemia lasted 50 minutes. 





Fig 1. Formation of pseudoaneurysm after successful re- 
pair of an intraoperative type I rupture (one month). 


The rupture was recognized because of 
bleeding after discontinuation of bypass. Blood 
loss was slight and came from a small opening 
beneath the annulus, which was surrounded by 
a hematoma. Control was achieved easily with 
sutures buttressed with pledgets, and the pa- 
tient’s recovery was unremarkable. He was dis- 
charged fifteen days after the initial procedure. 
The disease process of the valve was myxoid 
degeneration. 

One month later, the patient was admitted to 
another hospital because of a heart murmur and 
signs and symptoms of tamponade. Echocar- 
diography confirmed the presence of fluid in 
the pericardial cavity, and emergency cath- 
eterization showed several pseudoaneurysms 
arising from the area of previous rupture (Fig 
1). The patient was referred to us for opera- 
tion. On admission, his condition suddenly 
deteriorated, and cardiac arrest occurred. An 
emergency right thoracotomy was made, and 
fluid was evacuated. The patient was resusci- 
tated. The fluid was hemorrhagic and dark, and 
there was no evidence of fresh bleeding. Explo- 
ration was limited by pericardial adhesions. 

Recovery was stormy and complicated by 
renal shutdown, which required ten days of 
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peritoneal dialysis, and severe upper gastro- 
intestinal bleeding with hypovolemic shock. 
The patient eventually recovered and was dis- 
charged twenty days after thoracotomy. 

While repair of the pseudoaneurysm was 
being considered, the patient was taken to the 
emergency room but was dead on arrival. 
Postmortem examination revealed a large intra- 
cranial hemorrhage to be the cause of death. 
The pericardial cavity was obliterated by adhe- 
sions, the valve sutures were all in place with 
no evidence of paravalvular leak, and the 
pseudoaneurysm opened to the ventricular 
cavity beneath the ring near the area of previ- 
ous rupture. 


Among the other 3 patients in this group, 1 
(Patient 3) had a delayed rupture after six hours 
in the recovery room. The patient was some- 
what hypotensive all this time. Patient 4 
showed rupture of chordae and destruction of 
the posterior leaflet due to previous endocar- 
ditis treated successfully with antibiotics. 
(Cultures of the valve were sterile.) Rupture oc- 
curred just after a partially occluding aortic 
clamp was applied to close the arterial cannula- 
tion site. Patient 5 had a double valve lesion at 
the time of operation but fusion of the commis- 
sures was slight and stenosis did not seem to be 
the dominant lesion. 

Attempts at repair were unsuccessful in Pa- 
tients 4 and 5. One died because hemostasis 
could not be achieved and the other because the 
heart could not be defibrillated after repair, al- 
though no injury to the circumflex coronary ar- 
tery was seen at postmortem examination. 


Comment 

We have found 61 instances of left ventricular 
wall rupture after mitral valve replacement in 
the medical literature of the United States up to 
1980. References to the problem also are found 
in foreign journals. Its occurrence seems to be 
relatively common and widespread. 

Treasure and colleagues [1] divided the rup- 
ture into two anatomical types. Type I, suban- 
nular, starts immediately beneath the juncture 
of the left atrium and ventricle. Type II rup- 
tures, posterior wall, are seen further down to- 
ward the apex. Combinations of both types and 
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cases of doubtful classification have been de- 
scribed. In 1979, Miller and associates [2] men- 
tioned a type III located between types I and II. 

Among our 6 patients, there were 4 ruptures 
of type I, 1 of type II, and 1 of uncertain loca- 
tion (see Table). Unless a careful examination of 
the site is made before repair, it seems to us 
that it would be very difficult to differentiate 
exactly between types I and III after repair, 
whether the patient survives or not. 

Because major changes were introduced in 
our service in 1975, we have reviewed our expe- 
rience since that date, although surgeons from 
previous years did not recall recognizing the 
problem. From 1975 to April, 1980, 146 open 
mitral commissurotomies were performed, 65 
without and the rest with cardioplegic solution. 
No ruptures have occurred, nor have we found 
any reported in the literature. It seems that re- 
moval of the mitral valve is necessary for the 
complication to develop. 

There were 2 ruptures among 58 valves re- 
placed from 1975 to September, 1977, that is, 
before cardioplegic solutions were introduced 
for myocardial protection. This makes an inci- 
dence of 3.4%. However, there are other rea- 
sons why we think these 2 ruptures are very 
different from the other 4. In both patients 
the valves were severely calcified. In 1 of them 
(Patient 2), the posterior ventricular wall was 
perforated while calcium deposits were re- 
moved and in the other, the wall was severely 
weakened in a similar manner. These causes 
have been mentioned before [3-6, 15] as have 
others directly related to surgical technique, 
such as cutting of dense adhesions [7], strut 
perforation (type II) [3, 6, 8-10], and perforation 
by apex vent [3]. 

The last 4 patients in this series had many 
common features: the dominant lesion, some- 
times the only one, was insufficiency, and cal- 
cium was not present (see Table). Of the 55 
valves replaced during the time the ruptures oc- 
curred, 28 had calcification and none ruptured. 
Moreover, the valves involved were all soft with 
little or no fibrosis. These last ruptures were sub- 
annular. The ring of the prosthesis was just 
above or at least very near the perforation site. 

At first, no defects of technique were obvious 
but reviewing our procedures, we realized that 
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Data on Patients with Ventricular Rupture after Mitral Valve Replacement 








Patient 

Age (yr), Type of Calcifi- Prosthesis Type of Results 

Sex Lesion cation Operation Rupture and Comments 

59, F Severe stenosis; Severe Bjórk No. 31; isch- Probably type Died; weakened 
moderate in- emia, 46 min; no I, delayed wall due to exci- 
sufficiency cardioplegia (RR) sion(?) 

48, F Severe stenosis Massive Bjórk No. 31; no Type II (OR) Died of perforation 

cardioplegia of wall during 
operation 

58, F Slight stenosis; Absent Bjórk No. 31; isch- Type I, de- Died 
severe insuffi- emia, 46 min; layed 
ciency cardioplegia 

56, F Slight stenosis; Absent; Bjórk No. 31; isch- Type I (OR) Died; endocarditis 
severe insuffi- minimal fi- emia, 50 min; and partially 
ciency brosis cardioplegia occluding aortic 

clamp(?) 

64, F Moderate Absent Bjórk No. 29; isch- Type I (OR) Died 
stenosis; mod- emia, 40 min; 
erate insuffi- cardioplegia 
ciency 

56,M Massive insuffi- ^ Absent; Björk No. 31; isch- Type I (OR) Survived; delayed 
ciency myxoid emia, 50 min; tamponade and 

valve de- cardioplegia pseudoaneurysm 
generation 





RR = recovery room; OR = operating room. 


the posterior leaflets were being excised almost 
completely [13] and that since fibrosis was min- 
imal, the sutures were being put in the muscle 
fibers next to the annulus (Fig 2). We began to 
think that these sutures might have created 
wounds in the myocardium, thereby allowing 
blood to infiltrate the area and creating a 
weakened zone. At least one group of authors 
[10] has mentioned blood infiltration into the 
left ventricular myocardium starting in areas in 
which the endocardium had been excised, al- 
though this was in connection with type II 
ruptures. 

As for the role of cold cardioplegia in the de- 
velopment of left ventricular wall ruptures, it 
has been noted in several papers [2, 11, 12] that 
it could probably contribute by increasing con- 
tractility of the ventricle, thus helping the tears 
develop. However, in none of our 4 patients 
was postoperative hypertension documented 
although it was suspected in Patient 4 in whom 
bleeding occurred very suddenly after applica- 
tion of the partially occluding aortic clamp. We 
never thought the valves placed were too large, 


a factor that has been mentioned in the litera- 
ture [1, 10]. 

Considering all these points, we decided that 
with the exception of perforations due to me- 
chanical trauma produced by the procedure it- 
self, the patients more at risk were those with 
insufficiency and soft pliable leaflets with little 
fibrosis and less fibrous rings. Accordingly, we 
made several changes in the procedure. 

In operations involving noncalcified valves, 
we instituted three modifications. 


1. Avoid excision of the posterior mitral leaflet, 
or remove just the edge and the chords to it, 
leaving the rest intact. This creates a condi- 
tion similar to that when only an open com- 
missurotomy is made, as far as the posterior 
annulus is concerned. 

2. Place sutures through just the leaflet and the 
annulus, never through muscle fibers. 

3. If muscle is entered, for instance, in cases of 
endocarditis with destruction of the valve, 
use sutures buttressed with Teflon pledgets 
in the ventricular side. (We have never seen 
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Fig 2. (A) The entire posterior leaflet and the chords 
have been removed. Sutures often are placed through 
muscle. (B) Most of the posterior leaflet and the chords 
are left intact. Sutures with or without Teflon pledgets 
do not penetrate muscle unless strictly necessary. (LA 
= left atrium; CS = coronary sinus; CA = coronary 
artery; LV = left ventricle; PM = papillary muscle.) 


these pledgets interfere with the opening 
and closing of a Bjórk-Shiley valve even 
though we put the major opening facing 
posteriorly.) By itself, this may not be 
enough. In Patient 4, three such sutures 
were placed in the area considered to be 
weakened by endocarditis. However, the 
posterior leaflet was removed. 


In operations involving calcified valves, (1) 
remove as little as possible of the posterior 
leaflet in order to allow a sufficiently large valve 
to be inserted. (2) If possible, crush and remove 
the calcium, and place sutures through the fi- 
brous remains of the leaflet and annulus. This 






A 


4 


suggestion was given to us by Dr. Smeloff [3]. 
(3) Avoid damage to the ventricular wall by 
surgical instruments. These conclusions are 
very similar to those of Miller and associates [2]. 

In all valve replacements, we now avoid 
postoperative hypertension with the use of 
vasodilators whenever necessary, avoid left 
ventricular volume overloading after operation, 
and avoid maneuvers, such as partial aortic 
cross-clamping, that can increase ventricular 
pressure. 

Since initiating these changes, we have done 
23 mitral valve replacements. Fifteen had no 
calcium, and several could be called high risk. 
To date, we have not seen another rupture. 


Repair 

We have not had much success with repair of 
ruptures. Other surgeons have published much 
better results [3]. Delayed ruptures (Patients 1, 
3) create hopeless situations, and no survivors 
have been reported. 
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Patient 2 had a type II rupture. She died be- 
cause the sutures did not achieve hemostasis. 
The myocardial tissue kept tearing through 
them. 

Patients 4 and 5 had large tears exposing a 
considerable portion of the prosthesis. In 1, 
bleeding could not be controlled while in the 
other, although hemostasis was apparently 
achieved, the heart could not be defibrillated. 
No ligation of the circumflex coronary artery 
was seen but it could have been compressed 
between sutures. In one reported case [12], the 
authors repaired the tear and then performed 
successful aortocoronary saphenous vein by- 
pass to the damaged circumflex coronary artery. 

Our Patient 6 illustrates two details of inter- 
est. (1) All perforations are not equal; in this 
patient the amount of bleeding was moderate, 
came from a small opening in the middle of a 
hematoma, and was easily controlled with su- 
tures. (2) Successful repair is no guarantee that 
problems will not occur later. Delayed tam- 
ponade (one month) and pseudoaneurysm for- 
mation have been reported and probably repre- 
sent new areas of rupture developing after 
adhesions have formed [14]. In patients with 
tears, we recommend frequent follow-up exami- 
nations and echocardiograms to detect fluid be- 
fore clinical signs and symptoms become ob- 
vious. 

We now examine the posterior side of the 
heart after operation to look for hematomas. So 
far none have been detected but we are not 
certain of what to do if one is found. If it be- 
comes larger and threatens to rupture, we prob- 
ably would reopen the atriotomy and examine 
the heart from the inside through the opening 
of the prosthesis. We would look for areas of 
impending rupture and attempt repair if any 
were found. In all patients we certainly would 
prolong bypass in an empty beating heart state 
and wean from it very carefully. This was a 
suggestion put forward by Cobbs and associ- 
ates [8] in order to avoid type II ruptures. 


Addendum 

Since submission of this paper, an additional 15 iso- 
lated mitral valve replacements have been done. 
Five of them were in patients with noncalcified mi- 


tral valves. Insufficiency was the dominant lesion. 
No ruptures have developed. 
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Results of Aortic Valve Replacement 
in Patients with a Narrow Aortic Annulus: 
Effects of Enlargement of the Aortic Annulus 


Tohru Mori, M.D., Yasunaru Kawashima, M.D., Soichiro Kitamura, M.D., 
Susumu Nakano, M.D., Kanji Kawachi, M.D., and Takeshi Nakata, M.D. 


ABSTRACT Among 71 patients who underwent 
aortic valve replacement with a Bjórk-Shiley pros- 
thesis, 13 (18.396) had concomitant enlargement of 
the aortic annulus at the noncoronary cusp. Mean 
age of the 13 patients at operation was 34.4 years. 
Nine of them had combined mitral stenosis. One 
patient died in the early postoperative period, for an 
operative mortality of 7.7%. 

The aortic annulus before enlargement was 20.9 
mm and after enlargement, 24.3 mm on the average. 
The net increase in diameter of the aortic annulus 
was 3.3 mm, which was statistically significant (p < 
0.005). 

The tissue diameter of the prosthesis was 1.2 
mm larger on the average than the aortic annulus di- 
ameter before enlargement, and a prosthesis at least 
one size larger could be implanted in the narrow 
aortic annulus. 


Not infrequently, a narrow aortic annulus that 
cannot accept a large enough prosthesis is en- 
countered during aortic valve replacement. The 
in vivo performance of the small aortic prosthe- 
sis is not satisfactory because a significant pres- 
sure gradient is present across the prosthesis 
[1], and such a prosthesis is sometimes throm- 
bogenic [3]. Furthermore, in congenital aortic 
valvular disease, an anomalously narrow aortic 
annulus cannot accept even the smallest pros- 
thesis presently available. 

For these reasons, Konno and co-workers [7] 
proposed a method to enlarge the annulus at 
the right coronary cusp and reported the results 
in 2 patients with congenital aortic stenosis. 
Nicks and associates [10] also devised a method 
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for enlarging the aortic annulus at the noncoro- 
nary cusp. However, the extent to which the di- 
ameter of the annulus is widened by these 
methods is not yet certain. 

Because of the simplicity of the method and 
the fact that major surgical intervention could 
be avoided, the procedure described by Nicks 
and associates was applied to 13 patients with a 
narrow aortic annulus who underwent aortic 
valve replacement in our institute. We present 
here the surgical and anatomical results in these 
patients. 


Material and Methods 

Seventy-one consecutive patients underwent 
aortic valve replacement with or without mitral 
valve operation from February, 1975, to August, 
1979. In 13 of them, a narrow aortic annulus 
necessitated enlargement of the annulus by the 
method to be described. There were 3 male and 
10 female patients. At the time of operation, 
they ranged from 4 to 53 years old (average age, 
34.4 years). The dominant lesion was aortic re- 
gurgitation in 8 patients and aortic stenosis in 
the other 5. 

Before operation, 4 patients were in New 
York Heart Association (NYHA) Functional 
Class II, 7 were in Class III, and 2 were in Class 
IV. Preoperative cardiothoracic ratio ranged 
from 50 to 69% (average, 60.5%). In patients 
with a dominant stenotic lesion, the peak sys- 
tolic pressure gradient across the aortic valve 
was 42 to 90 mm Hg. They also had mild aortic 
regurgitation. In patients with a dominant re- 
gurgitant lesion, cineangiograms demonstrated 
grade 3 or 4 [4] regurgitation. In 9 patients, mi- 
tral stenosis was present also. Because of his 
critical condition, only 1 patient did not 
undergo hemodynamic assessment. He had 
bacterial endocarditis of a homograft aortic 
valve implanted previously. Including this pa- 
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INCISION LINE of 
THE AORTIC WALL 


INTERVENTRICULAR 
FIBROUS TRIGONE 





Fig 1. The surgical procedure. See text for details. (LCA 
= left coronary artery; LCC = left coronary cusp; 
AML = anterior mitral leaflet of the mitral valve; NCC 
= noncoronary cusp; RCC = right coronary cusp; RCA 
= right coronary artery; RA = right atrium.) 


tient, 4 of the 8 patients with dominant regur- 
gitant aortic lesions had had previous aortic 
homograft valve replacement, and dysfunction 
of these homograft prostheses was the cause of 
the present aortic disease. 

The remaining 58 patients who did not need 
enlargement of the aortic annulus were used as 
the control group. Thirty-nine had simple aortic 
valve replacement, 17 had aortic valve replace- 
ment with mitral valve operation, and 2 under- 
went reoperation after homograft aortic valve 
replacement. 


Method 

The heart was exposed through a median ster- 
notomy. Under standard extracorporeal circu- 
lation with moderate hypothermia, the aorta 
was cross-clamped and the aortic root was in- 
cised obliquely and inferiorly toward the non- 
coronary cusp. The myocardium was protected 
with a cardioplegic solution selectively infused 
into both coronary artery orifices along with 
epicardial topical cooling with ice slush in 12 
patients. In 1 other patient, the myocardium 
was protected with selective coronary perfu- 
sion. 

After myocardial protection was established, 
all aortic cusps were resected. The diameter of 
the annulus was measured with bullet-type 
bougies of various sizes. When the diameter 
could not accept a Bjork-Shiley aortic prosthesis 
greater than 23 mm in tissue diameter, the inci- 
sion was extended toward the intervalvular 


INTERVENTRICULAR 
FIBROUS TRIGONE 


TEFLON PATCH 
c PERICARDIUM 


fibrous trigone located under the noncoronary 
cusp (Fig 1). The length of the subannular inci- 
sions was approximately 8 mm. Teardrop- 
shaped Teflon patches with pericardium 18 to 
22 mm in width at the widest portion and 35 to 
45 mm in length were sutured to the edges of 
the subannular incisions. Both sides of the 
patch were sutured continuously to the margins 
of the subannular aortic incision. 

After enlargement of the aortic annulus by 
this patch aortoplasty, repeated measurement 
of the annulus diameter was performed. The 
largest Bjórk-Shiley prosthesis accepted by the 
enlarged annulus was implanted. Sutures were 
placed on the patch where it enlarged the an- 
nulus. After replacement of the aortic valve and 
repair of other valves if necessary, the rest of 
the patch was approximated to the aortic wall 
and the cross-clamp was released. Before clos- 
ing the chest, the aortic and left ventricular 
pressures were recorded simultaneously, using 
two sets of Statham P23Db strain gauge trans- 
ducers and a Sanborn Model 8800 polycorder 
system. 


Results 

One patient with both aortic and mitral valve 
replacement and tricuspid annuloplasty died of 
low cardiac output syndrome in the early post- 
operative period. Another patient died six 
months postoperatively of recurrent bacterial 
endocarditis. Findings at postmortem exam- 
ination included massive inflammatory change 
of the aortic root with vegetation involving the 
prosthesis. In addition, there was dehiscence of 
the suture line on the aortic wall of the patch 
used to enlarge the annulus. This leakage re- 
sulted in a large pseudoaneurysm outside the 
wall of the ascending aorta. The remaining 11 
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Table 1. Comparison of Bypass Time and Aortic 
Cross-Clamp Time in Patients Having Aortic Valve 
Replacement with or without Annulus 
Enlargement? 


With Without 
Time Period Enlargement Enlargement 
(min) (N = 13) (N = 19) p Value 
Bypass 145.8 + 28.7 116.3 + 18.1 <0.005 


Aortic cross-clamp 100.8 + 24.0 71.4 + 14.4 <0.005 


aResults are given as mean + standard deviation. 


patients are leading normal lives. Seven are in 
NYHA Functional Class I, and 4 are in Class II. 
The postoperative cardiothoracic ratio ranged 
from 50 to 60% (average, 55%). 

Bypass time in these 13 patients ranged from 
113 to 192 minutes (average, 146 minutes). Aor- 
tic cross-clamp time was 73 to 162 minutes 
(average, 101 minutes). Comparison of these 
values in patients with and those without aortic 
annulus enlargement is shown in Table 1. The 
group having enlargement required 30 minutes 
longer for bypass and aortic cross-clamp on the 
average (p < 0.005). 

The tissue diameter of the implanted pros- 
thesis and the actual diameter of the annulus 
before and after enlargement as measured dur- 
ing operation are shown in Table 2. The tissue 


diameter of the prosthesis was 17 mm in 1 pa- 
tient, 21 mm in 3 patients, 23 mm in 8, and 25 
mm in 1 patient. The diameter of the aortic an- 
nulus before enlargement ranged from 14.0 to 
24.0 mm (average, 20.9 mm). After enlarge- 
ment, it ranged from 18.0 to 27.0 mm (average, 
24.3 mm). The difference in diameter before 
and after enlargement ranged from 3.0 to 5.0 
mm (average, 3.3 mm), which was statistically 
significant (p < 0.005). 

Figure 2 shows the relationship between the 
tissue diameter of the prosthesis and the diam- 
eter of the annulus in patients who underwent 
aortic valve replacement with or without aortic 
annulus enlargement. The relationship was 
linear in both groups. This result also shows 
that after enlargement, the aortic annulus could 
accept a prosthesis at least one size larger than 
it could before enlargement. 

Figure 3 shows the relationship between the 
tissue diameter of the prosthesis implanted and 
the difference in diameter between each pros- 
thesis and annulus, with or without annulus 
enlargement. In aortic valve replacement with- 
out annulus enlargement, the diameter of the 
aorta was 1 to 6 mm (average, 2.5 mm) larger 
than that of the prosthetic tissue diameter. On 
the other hand, with annulus enlargement, 
prostheses 0.5 mm smaller to 5 mm larger (aver- 


Table 2. Effects of Aortic Annular Enlargement in Aortic Valve Replacement 





Size of Aortic Annulus Diameter (mm) Postoperative 
Prosthesis ca Diameter Pressure 
Patient Utilized Before After Enlarged Gradient 
No. (mm) Enlargement Enlargement (mm) (mm Hg) 
1 21 20.5 23.5 3.0 30 
2 17 14.0 18.0 4.0 25 
3 23 19.0 23.5 4.5 15 
4 23 22.0 25.0 3.0 0 
5 23 22.0 25.0 3.0 TM 
6 21 20.5 23.5 3.0 7 
7 21 20.5 23.5 3.0 10 
8 23 23.5 26.5 3.0 5 
9 23 22.0 25.0 3.0 0 
10 23 22.0 25.0 3.0 10 
11 23 22.0 25.0 3.0 0 
12 23 20.0 25.0 5.0 T 
13 25 24.0 27.0 3.0 0 
Average 22.2 t 1.9 20.9 £25 24.3 + 2.2 3.9 Æ 0.7 9.3 + 10.4 
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Fig 2. Correlation of aortic annulus diameter to 
prosthetic tissue diameter. Regression equation of the 
open circle is y = 0.67x + 8.20 (r = 0.87) and that of 
the closed circle is y = 0.75x + 4.04 (r = 0.96). (AVR 
= aortic valve replacement.) 


age, 1.2 mm larger) than the annulus diameter 
were implanted. Intraoperative pressure gra- 
dients across the prosthesis after replacement 
ranged from 0 to 30 mm Hg (average, 9.3 mm 


Hg). 


Comment 
Among 71 patients who underwent aortic valve 
replacement, 13 (18.3%) underwent concomi- 


Fig 3. Correlation of the tissue diameter of the prosthe- 
sis to the difference in diameter between the prosthesis 
and the aortic annulus. (AVR = aortic valve replace- 
ment.) 
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tant enlargement of the aortic annulus. Nine of 
these 13 patients had combined mitral stenosis, 
and constituted the largest group in the present 
series. In 4 patients, removal of previously im- 
planted homografts revealed some stenotic 
orifices that required annulus enlargement. 
Another patient had congenital aortic stenosis 
and regurgitation. Her anomalously small aortic 
annulus required an enlargement procedure to 
implant the smallest prosthesis presently avail- 
able. 

A small aortic valve prosthesis implanted in a 
narrow aortic annulus usually results in poor 
hemodynamic performance because of the nar- 
row prosthetic orifice [1, 5, 11]. Bjork and 
co-workers [1] reported disappointing postoper- 
ative hemodynamic results with a small Starr- 
Edwards ball-valve prosthesis. Much improved 
hemodynamic results were obtained with a 21 


Tissue Diameter 
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29 (mm) 


AVR € annular enlargement 
AVR s annular enlargement 
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mm Bjork-Shiley valve. However, the 21 mm 
Bjork-Shiley valve still has a pressure gradient 
of almost 20 mm Hg at rest, which increases 
steeply with increase in blood flow through the 
aortic valve during exercise. We have reported 
similar results with a Bjork-Shiley valve im- 
planted in the aortic position [6]. The pressure 
gradient across the aortic valve did not increase 
during exercise when a Bjork-Shiley valve of 25 
mm or larger was utilized. However, it in- 
creased significantly when a 21 mm or smaller 
size was used. These poor hemodynamic re- 
sults with small aortic prostheses led us to en- 
large the aortic annulus when it was too small 
for a 23 mm Bjork-Shiley valve, and to attempt 
to replace it with the largest prosthesis accepted 
by the aortic annulus after enlargement. As a 
result, 9 (75.096) of 12 adult patients with an av- 
erage annulus diameter of 21.5 mm could accept 
a 23 mm or larger Bjork-Shiley prosthesis. In the 
other 3 patients with an average annulus diam- 
eter of 20.5 mm, a 21 mm prosthesis was im- 
planted. The 19 mm prosthesis did not need to 
be used in this group of patients with a narrow 
aortic annulus. A critically ill 4-year-old girl 
with congenital aortic valvular disease had an 
annulus with a diameter of only 14 mm; a 17 
mm prosthesis had to be used for this narrow 
annulus even after annulus enlargement. In this 
patient, a second-stage operation is inevitable 
as the child grows. 

Najafi and associates [9] were among the first 
to report poor results after implantation of small 
aortic prostheses. They proposed patch an- 
gioplasty of the aortic wall to implant the largest 
prosthesis accepted by the annulus. Nicks and 
co-workers [10] presented a method to enlarge 
the aortic annulus by dividing it at the non- 
coronary cusp to the intervalvular fibrous 
trigone. By this method, they could implant a 
larger-sized Starr-Edwards ball-valve prosthe- 
sis in a narrow aortic annulus. Blank and col- 
leagues [2] also enlarged a small aortic annulus 
with the same method and implanted a larger- 
sized porcine xenograft valve. They passed su- 
tures through the margin of the inferior edge of 
the incision and covered the aortic wall with a 
Teflon patch. 

In the present report, a narrow aortic annulus 
was enlarged by the method of Nicks and col- 


leagues [70]. The annulus of the noncoronary 
cusp is divided at the middle portion. Beneath 
the annulus, a further 8 mm incision is possi- 
ble. A Teflon patch with pericardium is used to 
cover the aortic wall, and the annulus diameter 
is enlarged 3.3 mm on the average. During 
these procedures, the left atrium was not en- 
tered in 11 patients and was traumatized in 2. 
However, in these 2 patients, the small holes 
of the left atrium were closed with the same 
stitches used to approximate the patch with the 
aortic wall. 

In 1979, Manouguian and Seybold-Epting [8] 
reported a new method to enlarge a narrow 
aortic annulus in patients undergoing aortic 
valve replacement. The annulus is divided at 
the commissure between the noncoronary and 
left coronary cusps, and the incision is ex- 
tended to the left atrial wall and to the anterior 
mitral leaflet. A much wider enlargement of the 
aortic annulus is possible with this method 
than with the procedure we have utilized. 
However, in patients undergoing aortic valve 
replacement with repair of the mitral valve, it 
seems much safer not to impair the anterior 
mitral leaflet, which is already in morbid con- 
dition, in order to keep the mitral valve func- 
tioning well. 

In the present series of patients, the pressure 
gradient across the implanted prosthesis after 
replacement was 9.3 mm Hg on the average. 
This was reasonable in these patients with a 
narrow aortic annulus. We believe our results 
support this method by demonstrating that en- 
largement of a narrow aortic annulus is man- 
datory if better postoperative hemodynamics of 
the prosthesis are to be expected. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-eighth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at The Breakers, Palm Beach, FL, Nov 5-7, 
1981. There will be a $100 registration fee for 
nonmember physicians except for guest speak- 
ers, authors and co-authors on the program, 
and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by May 15, 1981, to Maruf Razzuk, M.D., 
1201 Barnett Tower, 3600 Gaston Ave, Dallas, 
TX 75204. Abstracts should be double-spaced 
on one side of one sheet of paper, with a 1-inch 


left margin, and limited to 200 words. All slides 
used during the presentation must be 35 mm. 
The abstract must list a member as a co-author. 
Manuscripts of accepted papers must be sub- 
mitted to The Annals of Thoracic Surgery by Oct 
15, 1981. 

Applications for membership should be 
completed by Sept 1, 1981, and forwarded to 
Joseph M. Craver, M.D., 1365 Clifton Road, NE, 
Atlanta, GA 30322. 


Richard B. McElvein, M.D. 
Secretary-Treasurer 
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Announcing 
an important 
achievement 
in the 
prevention of 
postsurgical 
thrombo- 
embolism. 





ere deep-vein thrombosis was 
ected by tagged fibrinogen up- 
e, 52 patients were found to have 
iteral thromboses: 47 in the con- 
| group (28.7%) and only 5 in the 
ciparine group (10.496). In addi- 
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ients had bilateral thromboses. — 4 
ly three Calciparine patients had 30- 
ye-the-knee extensions and only 20 
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] thromboses." Limb Positions postoperative hemoglobin levels.” 

Calciparine also had no effect on the 


proximatelv 296), but none required 
drainage. There were no significant 
differences between the groups in 


transfusion requirements or 


incidence of wound dehiscence?? 
Most significantly, Kakkar et al., the 
authors of the report on the multi- 
center trial, found no significant dif- 
ference between the groups in the 
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incidence of serious hemorrhage. 


An illustration of its safetv: unlike con- 





xed from Kakkar, V.V., et al.: Lancet 2:45, July 12, 1975. m ventional antic 'agulant therapy, low- 
dose heparin usually requires no lab- 
oratory monitoring in patients with 
normal baseline coagulation parameters. 


Incidence of bleeding complications 


Statistical 
Control Calciparine Significance 


Fall in postoperative 0.7 (mean) 1.0 (mean) N.S. 
hemoglobin 
(g/100 ml) 


Patients requiring 202 (27.19€) 202 (27.196) N.S. 


transfusion 


Excessive blood loss 126 (6%) 182 (9%) 


during surgery 


Development of 117 (5.6%) 158 (7.7%) (p<0.01) 


wound hematoma 


* 


*Subjective, non- blinded evaluation 





is the candidate for 
low-dose heparin prophylaxis? 


A Special Report of the Council on Thrombosis of the American Heart 


Association, after reviewing the results of low-dose heparin prophylac- 
tic studies, has strongly endorsed the prophylactic approach by stating, 
“Low-dose heparin administered to all hemostatically competent pa- 


tients over the age of 40 subjected to major elective abdominal or 


thoracic surgical procedures will effect an 8096 reduction in 


postoperative pulmonary emboli."'* 


In addition, Kakkar’ and Sherry" have both recommended large-scale 


use of low-dose heparinization in surgical patients at high risk of 
thromboembolism. In the opinion of the latter: "The introduction of 


' low-dose heparin prophylaxis of thrombosis in deep leg veins repre- 


sents a major advance in clinical medicine. It approaches an ideal form 
of prophylaxis in that it can be given easily to large numbers of patients 
at risk, requires no monitoring, is relatively safe, and, used widely, 


should save many lives.""* 


Factors which predispose to thromboembolism 
in patients undergoing major elective thoracic 


or abdominal surgery include: 


Age. Risk is significant at age 40 and is marked 


after age 60 

Immobilization 

Obesity 

Varicose veins 

Chronic obstructive pulmonary disease 
Malignant disease 


Previous deep-vein thrombosis 
e or pulmonary embolism 


Nephrotic syndrome 
Estrogen use 
Steroid medication 


Certain thrombotic-prone blood states 
(e.g., hyperviscosity syndrome) 


Patients who should not 
receive low-dose heparin 
prophylaxis include those 
who: 


have bleeding, bleeding disor- 
ders or a diathesis. 

are receiving oral anticoagu- 
lants or have received platelet- 
active drugs (e.g., aspirin within 
the last five days). 


are undergoing potentially san- 
guinous operations. 


are undergoing operations on 
the brain, eve or other organs, 
where even a small hemor- 
rhage could be dangerous. 


Because information to date is insufficient, low-dose heparin 
prophylaxis is not approved for patients who have recently had a spinal 
tap or who are undergoing spinal or epidural anesthesia. 


Before using low-dose Calciparine, please consult full prescribing information at the 


end of this advertisement. 





to administer the 


multicenter regimen: 


Discard 


=> 


Pre-op—A subcutaneous injection of 
5000 units (0.2 ml) of Calciparine two 
hours before surgery then. 


Post-op—A follow-up injection of 0.2 ml 
of subcutaneous Calciparine every eight 
hours following surgery. 


Therapy is maintained for seven days or 
until the patient is fully ambulatory. 


All patients should be screened prior to 
low-dose heparinization with appropriate 
tests to rule out bleeding disorders or a 
diathesis. 


The possibility of increased bleeding dur- 
ing surgery Or postoperatively should be 
borne in mind. If such bleeding occurs, 
discontinuance of heparin and neutraliza- 
tion with protamine sulfate is advisable. 


The low-dose heparin formulated 
with the highest concentration and 
the lowest volume to minimize injec- 
tlon hematoma and packaged to 
eliminate dosage errors. 


Calciparine is available in a high- 
concentration/low-volume formulation 
(5000 USP heparin units/0.2 ml) espe- 
cially designed to minimize injection 
hematoma. 


Calciparine is packaged in a unit-dose 
syringe containing the exact amount of 
heparin calcium established by the multi- 
center prophylactic regimen. This elimi- 
nates the possibility of dosage errors. 


New from 
Choay 
Laboratories 
Inc. 


CHOAY 


Choay S.A., 
for seven decades a leading 
innovator and manufac- 
turer of critical- care 
biologicals... 


now offers its 
scientific resources to U.$. 
medicine. 


In introducing Calciparine® (brand 
of heparin calcium injection) in the 
United States, Choay Laboratories 
Inc. of New York has available the 
scientific resources of Choay S.A., a 
leading French pharmaceutical firm. 


Choay S.A. has long been a special- 
ist in the research and manufacture 
of such critical-care biologicals as 
insulin, urokinase and heparin. The 
company's growth has paralleled 
the growth of modern medicine. 
When the great discoveries in endo- 
crinology were being made, be- 
tween 1911 and the end of World 
War II, Choay was one of the first to 
produce purified insulin. And one 
of the first to prepare purified 
gonadotropins and pituitary hor- 
mones, ACTH and HGH. This work 
was followed by research on tryp- 
sin, chymotrypsin, hyaluronidase 
and urokinase. 


PRINTED INUS A 





calciparine 


heparin Calcium injection 
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0.2 ml unit-dose 
syringe and ampules of 
0.5 and 0.8 ml 


thromboembolism 


after surgery. 


Choay S.A. pioneered research 

in subcutaneous heparin for the 
prophylaxis of postoperative 
thromboembolism. The result 

is Calciparine® (brand of heparin 
calcium injection)—the most 
widely used subcutaneous heparin 
in the world. 


In the coming years, Choay will 
continue its research effort by par- 
ticipation with U.S. medical institu- 
tions in the basic sciences of 
coagulation and immunology 

This effort is in the Choay S.A. 
tradition of supplying the world 
with newer and better biologicals 


for critical-care medicine. 
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calcipar ine (brand of heparin calcium injection) for subcutaneous and IV use 


DESCRIPTION l l 
Calciparine (brand of heparin calcium injection) is a sterile solution of heparin calcium 
derived from porcine intestinal mucosa, standardized for use as an anticoagulant, in water 
for injection. The pH of the solution is adjusted with calcium hydroxide or hydrochloric 
acid. The potency is determined by a biological assay using a USP reference standard 
based upon units of heparin activity per milligram. 

ACTIONS 

Heparin inhibits reactions which lead to the clotting of blood and the formation of fibrin 
clots both in vitro and in vivo. Heparin acts at multiple sites in the normal coagulation 
system. Small amounts of heparin in combination with antithrombin III (heparin co-factor) 
can prevent the development of a hypercoagulable state by inactivating activated Factor X, 
preventing the conversion of prothrombin to thrombin. Once a hypercoagulable state 
exists, larger amounts of heparin in combination with antithrombin III can inhibit the 
coagulation process by inactivating thrombin and earlier clotting intermediates, thus 
preventing the conversion of fibrinogen to fibrin. Heparin also prevents the formation of 

a stable fibrin clot by inhibiting the activation of the fibrin stabilizing factor. 

Bleeding time is usually unaffected by heparin. Clotting time is prolonged by full therapeutic 
doses of heparin; in most cases it is not measurably affected by low doses of heparin. 
Heparin does not have fibrinolytic activity; therefore, it will not lyse existing clots. 
INDICATIONS 

Calciparine is indicated for anticoagulant therapy in prophylaxis and treatment of venous 
thrombosis and its extension; in low-dose regimen for prevention of postoperative deep 
venous thrombosis and pulmonary embolism in patients undergoing major abdomi- 
nothoracic surgery who are at risk of developing thromboembolic disease (see DOSAGE 
AND ADMINISTRATION); for prophylaxis and treatment of pulmonary embolism; in atrial 
fibrillation with embolization; for diagnosis and treatment of acute and chronic consump- 
tive coagulopathies (disseminated intravascular coagulation); for prevention of clotting in 
arterial and cardiac surgery; and for prevention of cerebral thrombosis in evolving stroke. 
Heparin is indicated as an adjunct in treatment of coronary occlusion with acute myocar- 
dial infarction, and in prophylaxis and treatment of peripheral arterial embolism. 

Heparin may also be employed as an anticoagulant in blood transfusions, extracorporeal 
circulation, dialysis procedures, and in blood samples for laboratory purposes. 
CONTRAINDICATIONS 

Hypersensitivity to heparin. 

Inability to perform suitable blood coagulation tests, e 3; the whole blooc clotting time, 
partial thromboplastin time, etc., at required intervals. There is usually no need to monitor 
the effect of low-dose heparin in patients with normal coagulation parameters. 
Uncontrollable bleeding. 

WARNINGS 


Calciparine should be used with extreme caution in disease states in which 
there is an increased danger of hemorrhage. 


Administration of Calciparine, when used in therapeutic dosage, should be regulated by 
frequent blood coagulation tests. If these are unduly prolonged or if hemorrhage occurs, 
Calciparine should be promptly discontinued. See OVERDOSAGE. 
Some of the conditions in which increasec danger of hemorrhage exists are: 
Cardiovascular........ subacute bacterial endocarditis; arterial sclerosis; increased 
capillary permeability; during and immediately following 
a) spina! tap or spinal anesthesia, b) major surgery, 
especially involving the brain, spinal cord, or eye. 


Hematologic .......... conditions associated with increased bleecing tendencies 
such as hemophilia, some purpuras, and thrombocytopenia. 
Gastrointestinal....... inaccessible ulcerative lesions, and continuous tube drain- 


age of the stomach or small intestine. 

Calciparine may prolong the one-stage prothrombin time. Accordingly, when Calciparine is 
given with dicumarol or warfarin sodium, a period of at least 5 hours after the last 
intravenous dose and 24 hours after the last subcutaneous (intrafat) dose of Calciparine 
should elapse before blood is drawn, if a valid prothrombin time is to be cbtained. 
Drugs (such as acetylsalicylic acid, dextran, phenylbutazone, ibuprofen, indomethacin, 
dipyridamole, and hydroxychloroquine) which interfere with platelet aggregation reactions 
(the main hemostatic defense of heparinized patients) may induce bleeding and should be 
used with caution in patients on heparin therapy. 
While there is experimental evidence that heparin may antagonize the action of ACTH, 
insulin or corticoids, this effect has not been clearly defined. 
There is also evidence in animal experiments that heparin may modify or inhibit allergic reac- 
tions. However, the application of these findings to human patients has not been fully defined. 
Larger doses of heparin may be necessary in the febrile state. 
The use of digitalis, tetracyclines, nicotine. or antihistamines may partial y counteract the 
anticoagulant action of heparin. An increased resistance to heparin is frequently 
encountered in cases of thrombosis, thrombophlebitis, infections with thrombosing 
tendency, myocardial infarction, cancer, and in the postoperative patient. 
Usage in Pregnancy. Calciparine should be used with caution during pregnancy, 
especially during the last trimester and in the immediate postpartum period. 
There is no adequate information as to whether heparin may affect human fertility, or have 
a teratogenic potential or other adverse effects to the fetus. 
Heparin does not cross the placental barrier; it is not excreted in human milk. 
PRECAUTIONS 
Because Calciparine is derived from animal tissue, it should be used with caution in 
patients with a history of allergy. Before a therapeutic dose is given to such a patient, 
a trial dose of 1,000 units may be advisable. 
Calciparine should also be used with caution in the presence of hepatic or renal disease, 
hypertension, during menstruation, or in patients with indwelling catheters. 
A higher incidence of bleeding may be seen in women over 60 years of age. 
Caution should be exercised when administering ACD-converted blood (\.e., blood 
collected in Calciparine and later converted to ACD blood), since the ant coagulant activity 
of its heparin calcium content persists without loss for 22 days. ACD-converted blood may 
alter the coagulation system of the recipient, especially if it is given in multiple transfusions. 
ADVERSE REACTIONS 
Hemorrhage is the chief complication that may result from heparin therapy. An overly 
prolonged clotting time or minor.bleeding during therapy can usually be controlled by 
withdrawing the drug. See OVERDOSAGE. 
The occurrence of significant gastrointestinal or urinary tract bleeding during anti- 
coagulant therapy may indicate the presence of an underlying occult lesion. 
Adrenal hemorrhage with resultant acute adrenal insufficiency has occurred during 
anticoagulant therapy. Therefore such treatment should be discontinued in patients who 
develop signs and symptoms compatible with acute adrenal hemorrhage and insufficiency. 
Plasma cortisol levels should be measured immediately, and vigorous therapy with 
intravenous corticosteroids should be instituted promptly. Initiation of therapy should not 
depend upon laboratory confirmation of the diagnosis, since any delay in an acute 
situation may result in the patient's death. 
Intramuscular injection of heparin frequently causes local irritation, mild pain, or 
hematoma, and for these reasons should be avoided. These effects are ess often seen 
following deep subcutaneous (intrafat) injection. Histamine-like reactions have also been 
observed at the site of injection. 
Hypersensitivity reactions have been reported with chills, fever, and urticaria as the most 
usual manifestations. Asthma, rhinitis, lacrimation, and anaphylactoid reactions have also 
been reported. Vasospastic reactions may develop independent of the origin of heparin, 
6 to 10 days after the initiation of therapy and last for 4 to 6 hours. The affected limb is 
painful, ischemic and cyanosed. An artery to this limb may have been recently 
catheterized. After repeat injections, the reaction may gradually increase, to include 
"cael vasospasm, with cyanosis, tachypnea, fee ng of oppressior, and headache. 

rotamine sulfate treatment has no marked therapeutic effect. Itching and burning, 
especially on the plantar side of the feet, is possibly based on a similar allergic 
vasospastic reaction. Chest pain, elevated blood pressure, arthralgias, end/or headache 
have also been reported in the absence of definite peripheral vasospasm. Anaphylactic 
shock has been reported rarely following the intravenous administration of heparin. 
Acute reversible thrombocytopenia following the intravenous administration of heparin has 
been reported. Osteoporosis and suppression of renal function following long-term, high- 


dose administration, suppression of aldosterone synthesis, delayed transient alopecia, 
priapism, and rebound hyperlipemia following discontinuation of heparin have also been 
reported. 
DOSAGE AND ADMINISTRATION 
Calciparine (brand of heparin calcium injection) is not effective by oral administration and 
should be given by deep subcutaneous (intrafat, i.e., above iliac crest or into the 
abdominal fat layer) injection, by intermittent intravenous injection, or intravenous 
infusion. The intramuscular route of administration should be avoided because of the 
frequent occurrence of hematoma at the injection site. 
The dosage of Calciparine should be adjusted according to the patients coagulation test 
results, which during the first days of treatment should be determined just prior to each 
injection. There is usually no need to monitor the effect of low-dose heparin in patients 
with normal coagulation parameters. Dosage is considered adequate when the whole 
blood clotting time is elevated approximately 2.5 to 3 times the control value. 
When Calciparine is administered by continuous intravenous infusion, coagulation tests 
should be performed approximately every 4 hours during the early stages of therapy. 
When it is administered intermittently by intravenous, or deep subcutaneous (intrafat) 
injection, coagulation tests should be performed before each injection during the early 
stages of treatment, and daily thereafter. 
When an oral anticoagulant of the coumadin or similar type is administered with 
Calciparine, coagulation tests and prothrombin activity should be determined at the start 
of therapy. For immediate anticoagulant effect, administer Calciparine in the usual 
therapeutic dosage. When the results of the initial prothrombin determination are known, 
administer the first dose of an oral anticoagulant in the usual initial amount. Thereafter, 
perform a coagulation test and determine the prothrombin activity at appropriate intervals. 
A period of at least 5 hours after the last intravenous dose and 24 hours after the last 
subcutaneous (intrafat) dose of Calciparine should elapse before blood is drawn, if a valid 
prothrombin time is to be obtained. When the oral anticoagulant shows full effect and 
prothrombin activity is in the desired therapeutic range, Calciparine may be discontinued 
and therapy continued with the oral anticoagulant. 
Therapeutic Anticoagulant Effect with Full-Dose Calciparine 
Although dosage must be adjusted for the individual patient according to the results of 
suitable laboratory tests, the following dosage schedules may be used as guidelines: 
METHOD OF RECOMMENDED DOSE 
ADMINISTRATION FREQUENCY based on 150 Ib (68 kg) patient 
Deep Subcutaneous Initial Dose 5,000 units by I.V. injection followed 
(Intrafat) Injection by 10,000-20,000 units of a concentrated 
solution, subcutaneously 


Every 8 hours 8,000-10,000 units of a concentrated solution 


(or) 

Every 12 hours  15,000-20,000 units of a concentrated solution 
Intermittent Initial Dose 10,000 units, either undiluted or in 50-100 ml 
Intravenous Injection isotonic sodium chloride injection 

Every 4to6 5,000-10,000 units, either undiluted or in 

hours 50-100 ml isotonic sodium chloride injection 
Intravenous Infusion Initial Dose 5,000 units by I.V. injection 

Continuous 20,000-40,000 units in 1,000 ml of isotonic 


sodium chloride solution for infusion/day 
1. By deep subcutaneous (intrafat) injection. After an initial I. V. injection of 5,000 units, 
inject 10,000 to 20,000 units of a concentrated Calciparine solution subcutaneously, 
followed by 8,000 to 10,000 units of a concentrated solution subcutaneously every 
8 hours, or 15,000 to 20,000 units of a concentrated solution every 12 hours. A different 
site should be used for each injection to prevent the development of a massive hematoma. 
2. By intermittent intravenous injection. 10,000 units initially, then 5,000 to 10,000 units 
every 4 to 6 hours. These amounts may be given either undiluted or diluted with 50 to 
100 ml of isotonic sodium chloride injection. 
3. By continuous intravenous infusion. After an initial I. V. injection of 5,000 units of 
Calciparine add 20,000 to 40,000 units to 1,000 ml of isotonic sodium chloride solution for 
infusion. For most patients, the rate of flow should be adjusted to deliver approximately 
20,000 to 40,000 units in 24 hours. 
Surgery of the Heart and Blood Vessels: Patients undergoing total body perfusion for 
open heart surgery should receive an initial dose of not less than 150 units of Calciparine 
per «ilogram of body weight. Frequently a dose of 300 units of Calciparine per kilogram of 
body weight is used for procedures estimated to last less than 60 minutes; or 400 units per 
kilogram for those estimated to last longer than 60 minutes. 
Low-Dose Prophylaxis of Postoperative Thromboembolism: A number of well-controlled 
clinical trials have demonstrated that low-dose heparin prophylaxis, given just prior to and 
after surgery, will reduce the incidence of postoperative deep vein thrombosis in the legs, 
as measured by the 1-125 fibrinogen technique and venography, and of clinical pulmonary 
embolism. The most widely used dosage has been 5,000 units 2 hours before surgery and 
5.000 units every 8 to 12 hours thereafter for 7 days or until ihe patient is fully ambulatory, 
whichever is longer. The heparin is given by deep subcutaneous injection in the arm or 
abdomen with a fine needle (25-26 gauge) to minimize tissue trauma. A concentrated 
solution of Calciparine is recommended. Such prophylaxis should be reserved for patients 
over 40 undergoing major surgery. Patients with bleeding disorders, those having 
neurosurgery, spinal anesthesia, eye surgery, or potentially sanguinous operations should 
be excluded, as well as patients receiving oral anticoagulants or platelet-active drugs (see 
WARNINGS). The value of such prophylaxis in hip surgery has not been established. The 
possibility of increased bleeding during surgery or postoperatively should be borne in 
mind. If such bleeding occurs, discontinuance of Calciparine and neutralization with 
protamine sulfate is advisable. If clinical evidence of thromboembolism develops despite 
low-dose prophylaxis, full therapeutic doses of anticoagulants should be given unless 
contraindicated. All patients should be screened prior to heparinization to rule out 
bleeding disorders, and monitoring should be performed with appropriate coagulation 
tests just prior to surgery. Coagulation test values should be normal or only slightly 
elevated. There is usually no need for daily monitoring of the effect of low-dose 
Calciparine in patients with normal coagulation parameters. 
Extracorporeal Dialysis Use: Follow equipment manufacturers operating directions carefully. 
Blood Transfusion: Addition of 400 to 600 units per 100 mi of whole blood. Usually, 7,500 
units of Calciparine are added to 100 ml of sterile sodium chloride injection (or 75,000 
units per 1,000 ml of sterile sodium chloride injection) and mixed, and from this sterile 
solution, 6 to 8 ml is added per 100 ml of whole blood. Leukocyte counts should be 
performed on heparinized blood within 2 hours after addition of Calciparine. Heparinized 
blood should not be used for isoagglutinin, complement, erythrocyte fragility tests, or 
platelet counts. 
Laboratory Samples: Addition of 70 to 150 units of Calciparine per 10 to 20 mi sample of 
whole blood is usually employed to prevent coagulation of the sample. See comments 
under Blood Transfusion. 
OVERDOSAGE 
Protamine sulfate (1% solution) by slow infusion will neutralize heparin. No more than 
50 mg should be given very slowly, in any 10-minute period. Each mg of protamine sulfate 
neutralizes approximately 100 units of heparin (or 1.0 to 1.5 mg neutralizes approximately 
1.0 mg of heparin). Heparins derived from various animal sources require different 
amounts of protamine sulfate for neutralization. This fact is of most importance during 
procedures of regional heparinization, including dialysis. 
Decreasing amounts of protamine are required as time from last heparin injection 
increases. Thirty minutes after a dose of heparin, approximately 0.5 mg of protamine 
sulfate is sufficient to neutralize each 100 units of administered heparin. Blood or plasma 
trarsfusions may be necessary; these dilute but do not neutralize heparin. 
HOW SUPPLIED 
Calciparine (brand of heparin calcium injection) is available as follows: 
Calciparine 5,000 USP heparin units, 0.2 ml pre-filled disposable syringe, carton of 
10, NDC 49819-012-42. 
Calciparine 12,500 USP heparin units, 0.5 ml ampule with sterile syringe and attached 
25-gauge, 58" needle, carton of 10, NDC 49819-015-63. 
Calciparine 20,000 USP heparin units, 0.8 ml ampule with sterile syringe and 
attached 25-gauge, 58" needle, carton of 10, NDC 49819-018-63. 
Issued November 1980. 
oap Mfd. for CHOAY LABORATORIES INC. New York, NY 10019 
By Astra Pharmaceutical Products, Inc., Worcester, MA 01606 
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For all of its benefits, intra-aortic balloon 
pumping has had one ever-present shortcom- 
ing. The balloon had to be inserted and 
removed surgically. 

Femoral The Datascope*PERCOR balloon” puts an 
artery end to all that. 

This remarkably innovative device is easily 
and quickly inserted through the skin, using the 
Seldinger catheterization technique. 

The surgical insertion that used to take 20 to 45 
minutes is now completed without surgery in 
approximately 5 minutes. Further, removal is accom- 
plished in minutes without surgery as well. 
With this new technique, it is apparent that intra-aortic balloon 
pumping, when indicated, will be used by more medical specialists 
in a wider variety of clinical settings for the benefit of increasing 
i numbers of patients. In the operat- 
| ing room, the catheterization lab, 
| CCU and emergency room. By the 
|] surgeon, the radiologist, the 
cardiologist. 
We would be pleased to send 
you more information about our 
| revolutionary device and to 
| schedule a filmed demonstration 
of its use. Call Robert Rewolinski, 
Manager, Cardiac Assist 
Products, at 201-265-8800 
or write him at Datascope Corp., 
Dept. #5-G, 580 Winters Avenue, 


don pd dissert PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. 


The Datascope PERCOR" intra-aortic balloon 


Clinical reference: Preliminary Clinical Experience With Percutaneous Intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldstein, 
Thomas A. Sos, John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstract published in CIRCULATION, Part II, 
Vol. 60, No. 4, October 1979, PP. II-103. *U.S. and foreign patents pending. 
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Intramyocardial Electrical 


and Metabolic Activity during 
Hypothermia and Potassium Cardioplegia 


Berkeley Brandt, III, M.D., James V. Richardson, M.D., 
Patrick O’Bryan, C.C.P., and Johann L. Ehrenhaft, M.D. 


ABSTRACT Hypothermic potassium cardioplegia 
is widely used to reduce myocardial metabolism as a 
means of myocardial protection. To investigate the 
efficacy of intramyocardial electrical activity as an 
indicator of myocardial metabolism, 12 dogs were 
' placed on cardiopulmonary bypass and myocardial 
oxygen consumption, partial pressure of carbon 
dioxide (Pco,) in the coronary sinus, myocardial. 
temperature, and intramyocardial and surface elec- 
trocardiograms were measured. The hearts were fi-' 
brillated and cooled to 15°C. In Group 1 (6 dogs), 
potassium cardioplegia was given at 15°C. In Group 
2 (6 dogs), it was given at 25°C. Maximum coronary 
sinus Pco, and oxygen consumption occurred at 36°C 
and gradually decreased, but there was still evidence 
of metabolic activity and intramyocardial electrical 
activity at 15°C. When cardioplegia was given at 
15°C, all electrical activity ceased and there was a 
further significant reduction in metabolic activity 
(coronary sinus Pco, and oxygen consumption). In 
Group 2 similar findings were found at 25°C, and 
there was no further reduction in metabolic activity 
at 15°C. 

These data indicate that: (1) myocardial metabolic 
activity is lowest when there is electrical quiescence 
as measured with an intramyocardial electrode; (2) 
potassium arrest and hypothermia are both neces- 
sary to achieve electrical quiescence; and (3) in the 
potassium-arrested heart, lowering temperature 
from 25° to 15°C does not result in a further reduction 
of metabolic activity. 
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Hyperkalemic metabolic arrest and hypother- 
mia have been used clinically to reduce myo- 
cardial metabolism as a means of. myocardial 
protection during cardiopulmonary bypass. 
Both techniques claim varying degrees of suc- 
cess, and many groups use a combination of 
these techniques. Despite the large amount of 
data generated by investigations in this area, 
criteria as to what constitutes adequate limits of 
hypothermia have not been clearly established. 

This study was designed to investigate the 
efficacy of intramyocardial temperature and 
electrical activity as indicators of myocardial 
metabolism during hypothermia and potas- 
sium arrest. It was thought that these monitor- 
ing techniques might be adaptable to the 
operating room environment to assess the de- 
gree of myocardial protection offered by the 
two modalities. 


Methods 

Twelve dogs were placed on cardiopulmonary 
bypass using femoral artery cannulation and 
two caval cannulae. Oxygenation and temper- 
ature were maintained with a Harvey dispos- 
able unit. The pump was primed with 1,500 ml 
of 596 dextrose in 0.996 normal saline solu- 


tion, and the dogs were anticoagulated with 


heparin. Perfusion pressures were maintained 
at 80 to 100 mm Hg. The coronary sinus was 
cannulated to collect samples and measure 
flow, and the left ventricle was vented. Intra- 


myocardial temperature and electrocardiogram 


were measured with a single probe in the an- 
terior wall of the left ventricle. This was con- 
nected to a digital readout for temperature 
monitoring. Scalar electrocardiogram (ECG) 
was recorded simultaneously from standard 
limb leads, and both intramyocardial and limb 
leads were displayed on a continuous trace. 
Simultaneous arterial and coronary sinus blood 
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gas samples were taken ten minutes after tem- 
perature stabilization at each level. Coronary 
sinus flow was measured and oxygen con- 
sumption was determined, and the results were 
analyzed by the Student t test. After the dogs 
were stabilized at 36°C on cardiopulmonary 
bypass, ventricular fibrillation was induced by 
a single shock, and measurements were made. 
The perfusion temperature was adjusted to 
create myocardial temperatures of 30°, 25°, 20°, 
and 15°C, and measurements were repeated at 
each temperature. 

Potassium arrest was induced with potas- 
sium chloride, which was injected into the arte- 
rial cannula to produce a concentration of 20 to 
40 mEq per liter in the entire circuit. The aorta 
was not cross-clamped. 


The dogs were divided into two groups based ` 


on the temperature at which cardioplegia was 
induced. Group 1 underwent potassium arrest 
at 15°C and Group 2, at 25°C. 


Results 

Electrocardiographic Observations 

The tracings from the limb leads and myocardial 
leads during normal sinus rhythm and after in- 
duced fibrillation at 36°C were similar. The 
intramyocardial electrocardiogram proved to be 
more sensitive than’ the scalar ECG at lower 
temperature. As measured by scalar ECG, elec- 
trical quiescence occurred at 18° to 20°C (Fig 1). 
The intramyocardial lead continued to show 
activity even at 10°C. Electrical quiescence, as 
determined by the intramyocardial lead, oc- 
curred only after the injection of the cardio- 
plegia solution. This occurred at both 15° and 
25°C when the potassium was injected. 


Myocardial Metabolism . v 
Figure 2 shows the partial pressure of carbon 


dioxide (Pco;) in the coronary sinus versus 


myocardial temperature in the Group 1 dogs. In 
the empty beating heart, coronary sinus Pco, 
was low. With induced fibrillation there was a 
large increase, which was lowered by reducing 
the temperature to 25°C. As the temperature 
was reduced to 15°C, however, there was no 
further significant reduction, indicating con- 
tinued myocardial metabolic activity. When 
cardioplegia was given, coronary sinus Pco; 
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Limb lead 
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Myocardial lead 


. Fig 1. Simultaneous recording of standard limb lead 


electrocardiogram and myocardial lead at 18°C. There is 
electrical quiescence from the limb leads but continued 
activity from the myocardial electrode. 
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Fig 2. Partial pressure of carbon dioxide (Pco;) in the 
coronary sinus versus myocardial temperature in Group 
1. With induced ventricular fibrillation, coronary sinus 
Pco; is increased significantly. With progressive 
hypothermia, there is a gradual decrease. Following 
cardioplegia at 15°C, there is a significant reduction 
in coronary sinus Pcos. (SEM = standard error of the 
mean.) 


showed another significant drop (p « 0.01). 
Arterial Pcos was held constant during this ex- 
periment. Figure 3 shows oxygen consumption 


. in the same series of experiments. The curves 


had a similar shape with the significant 
changes in the same places, that is, there was a 
large increase with induced fibrillation and 
even at 15°C, there was still evidence of oxygen 
consumption, which was reduced by the in- 
duction of cardioplegia. 

In Group 2, cardioplegia was given at 25°C. 
Figure 4 shows coronary sinus Pco, plotted 
against myocardial temperature in this group. 
When cardioplegia was given at 25°C, the coro- 
nary sinus Pco, dropped significantly (p < 
0.01) and achieved a level similar to that when 
potassium was given at 15°C. Further reduction 
of myocardial temperature after cardioplegia 
had been induced, failed to reduce Pco, further. 
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Fig 3. Oxygen consumption versus myocardial temper- 
ature in the same series of experiments shown in 


Figure 2. (SEM = standard error of the mean.) 
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Fig 4. Partial pressure of carbon dioxide (Pcos) in the 
coronary sinus versus myocardial temperature in Group 
2. Cardioplegia was given at 25°C. (SEM = standard 
error of the mean.) i 


iO 
e 8 ; 
EN l "e pi . @---@ 02 Consumption 
Ss. 6 cm [ J = +SEM 
& i 
È ! 
S 4L | : 
$ |j : 
Sole | 
go eoe é 





S 30 29 ?0 tb 
induced cardioplegia 
fibrillation 

"C 
Fig 5. Oxygen consumption versus myocardial temper- 
ature in Group 2 (cardioplegia given at 25°C). (SEM = 


standard error of the mean.) 


Figure 5 shows oxygen consumption in this 
series of experiments. 


Comment 

Both hypothermia and potassium arrest have 
been shown to decrease myocardial metabolism 
and by süch mechanism, prolong the safe 
period of ischemic arrest. In the clinical envi- 
ronment, the myocardial temperature is mea- 
sured to serve as a guide to the adequacy of the 
hypothermic protection. In this experimental 
model, we used the intramyocardial ECG and 
myocardial temperature as a guide to myocar- 
dial mechanism. The level of myocardial meta- 
bolic activity was assessed by intramyocardial 
Pco, and oxygen consumption. The intramyo- 
cardial Pco, has been shown to be a sensitive 
indicator of myocardial metabolism [3, 4]. 
Coronary sinus Pco, should reflect intramyo- 
cardial Pco, in this model with normal coronary 
circulation. The aorta was not clamped and 
there was continuous coronary sinus flow, 
thereby allowing continuous sampling of the 
coronary sinus effluent. By using systemic 
hyperkalemia to achieve arrest, coronary sinus 
flow was maintained and permitted sampling 
even in the arrested state. Oxygen consumption 
was used rather than oxygen extraction in order 
to allow for the change in coronary sinus flow 
seen with the onset of potassium arrest. 

Our studies confirm that myocardial meta- 
bolic activity as measured by oxygen consump- 
tion is low in the empty beating heart. This ac- 
tivity increased dramatically and somewhat 
surprisingly with the onset of fibrillation. Both 
hypothermia and potassium cardioplegia, re- 
duced oxygen consumption and coronary sinus 
Pco,, but hypothermia alone did not reduce the 
metabolic rate to its lowest level without the 
additive effect of potassium arrest. This was 
confirmed by the continued production of car- 
bon dioxide and oxygen consumption even at 
15°C. The persistence of such metabolic activity 
was also indicated by persistent electrical ac- 
tivity as measured by the intramyocardial 
probe. At both 15°C and 25°C, potassium arrest 
was necessary to achieve electrical quiescence. 

This model permits easy measurement of the 
consequences of the manipulation of cardiac 
metabolism by both hypothermia and potas- 
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sium arrest. 
clamped, this model does not produce an isch- 
emic heart and may not be directly applicable to 
the clinical situation. However, MacGregor and 
colleagues [4] demonstrated that intramyocar- 
dial Pco, does increase following aortic cross- 


clamping and that this rise can be delayed by | 


hypothermia. 

We agree with those authors [1, 2, 5] who be- 
lieve that potassium cardioplegia has an added 
beneficial effect compared with that of hypo- 
thermia alone. From the data generated by this 
model, we have drawn the following conclu- 
sions: (1) Myocardial metabolic activity is low- 
est when there is electrical quiescence as mea- 
sured with an intramyocardial electrode. (2) 
" Potassium arrest and hypothermia are both 
necessary to achieve electrical quiescence. (3) In 
the potassium-arrested heart, lowering the tem- 
perature from 25° to 15°C does not result in a 
further reduction of metabolic activity as mea- 


Since the aorta is not cross- 


sured by oxygen consumption and carbon 
dioxide production. | 
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Effects of Hypothermia, 


Hemodilution, and Pump Oxy 


genation 


on Organ Water Content, Blood Flow 
and Oxygen Delivery, and Renal Function 


J. R. Utley, M.D., Claire Wachtel, B.A., Rolene B. Cain, Ph.D., 
E. A. Spaw, Jerry C. Collins, Ph.D., and D. Barton Stephens 


ABSTRACT Hypothermia, hemodilution, and the 


pump-oxygenator each contribute important effects 
during cardiopulmonary bypass. We studied their 
separate effects with a 2? factorial, completely fixed 
experimental design in 16 adult male mongrel dogs. 


Animals undergoing hypothermia were cooled to 25° 


+ 1°C. In dogs having hemodilution, hematocrit was 
adjusted to 25 + 
used to determine the effects of hypothermia, 


2%. An analysis of variance was 


hemodilution, and pump oxygenation. The experi- 
ments show that hemodilution produces increased 
water content in tissue and that edema is greatest 
in heart and gastrointestinal organs. The pump- 
oxygenator decreased flow to the subendocardium, 
whereas hemodilution increased subendocardial 
flow. Both hypothermia and pump oxygenation di- 
minished flow to the outer kidney cortex, and 
hemodilution augmented flow to this region. 

Hypothermia and pump oxygenation decreased 
and hemodilution raised renal free-water clearance. 
Although none affected glomerular filtration rate, 
hypothermia increased filtration fraction while 
hemodilution diminished it. Hypothermia lessened 
cerebral cortical flow, an effect opposite that of 
hemodilution. Thus, hemodilution opposes the ad- 
verse effect of hypothermia or pump oxygenation on 
blood flow, oxygen delivery, or renal function. In- 
creased water content in gastrointestinal organs and 
myocardium accompanies the beneficial vascular 
and renal effects of hemodilution. 


Impaired organ function following cardiopul- 
monary bypass can result from the varied ef- 
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fects of cardiac surgical procedures. Hypother- 
mia, hemodilution, and the pump-oxygenator, 
all commonly employed during cardiopulmo- 
nary bypass, have both benefits and disadvan- 
tages. It has not been clear whether the adverse 
effect of one or two of the three principal inter- 
ventions is reversed by the others. For example, 
it has not been understood whether the adverse 
effects of the pump-oxygenator are reversed by 


. hemodilution or hypothermia or both. Nor hes 


it been known whether the opposing effects are 
similar in different organs. This study is an ai- 
tempt to separate the effects of hemodilution, 
hypothermia, and pump oxygenation in each 
organ. Better understanding of these effects 
may make possible the improvement of car- 
diopulmonary bypass. One might ultimately 
determine if the adverse effects can be reversed 


. by improved pump or oxygenator design or by 


altering hemodilution techniques with collo:d 
or vasoactive materials. 

Hypothermia reduces oxygen demand, in- 
creases blood viscosity, shifts the oxyhemoglo- 
bin dissociation curve to the left, diminish2s 
blood flow to the brain, and can cause direct 
tissue injury [1]. Hemodilution improves rer.al 
function, reduces homologous blood require- 
ments, and lessens blood viscosity, but de- 
creases oxgyen-carrying capacity and oncotic 
pressure. Pump oxygenation produces mi- 
croemboli, consumes coagulation components, 
hemolyzes red cells, and denatures serum pro- 
tein [2, 3]. Tissue ischemia and edema often 
cause organ failure that accompanies car- 
diopulmonary bypass. We performed carefully 
designed experiments to determine the indi- 
vidual effects of hypothermia, hemodilution, 
and pump oxygenation on water content, blood 
flow, and oxygen delivery in many organs, and 
on renal function. 
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Methods 

Experimental Design and Statistical Analysis 

In designing these experiments we divided 
cardiopulmonary bypass into four components: 
surgical procedure, hypothermia, hemodilu- 
tion, and pump-oxygenator. To separate the 
effects of hypothermia, hemodilution, and the 
pump-oxygenator, we employed the same sur- 
gical incision, cannulation, and heparinization 
in all animals. A 2? factorial, completely fixed 
experimental design was used [4, 5]. The design 
is based on the presence or absence of each of 
the three conditions or variables. The design 
requires that experiments be done in the previ- 
ously fixed random order. The order of the ex- 
periments was fixed by drawing numbers from 
a random number source. Two groups of 8 ex- 
periments (16 animals) were performed and 
analyzed. All 8 experiments in the first series 
were performed and assessed by analysis of 
variance before the second series was begun. 
After analysis of the first 8 experiments, only 
a few significant differences were observed. 
After the second series of 8 experiments, 
analysis of variance showed many significant 
differences. Further statistical study showed 
that no additional significant effects would be 
shown with fewer than 16 additional experi- 
ments. The principal advantage of this tech- 
nique in experimental design is the ability to 
determine important effects of more than one 
variable with a relatively small number of ex- 
periments. 


Materials and Methods 
In 16 male mongrel dogs weighing 20 to 25 kg, 
anesthesia was induced with thiopental (30 mg 
per kilogram of body weight). Anesthesia was 
maintained with halothane. Each dog was 
weighed with all tubing and clamps employed 
for cannulation. The bladder was catheterized 
and the urine volume recorded. Urine was col- 
lected in a calibrated cylinder. Temperature was 
monitored with an esophageal probe and Yel- 
low Springs telethermometer. All fluids and 
materials removed from or given to the animal 
were weighed end recorded. 

We cannulated the right femoral vein for 
intravenous infusion and the right femoral ar- 
tery for pump-oxygenator flow. Electrocardio- 


gram was continuously monitored. Neither 
ventricular tachycardia nor fibrillation was 
noted in any animal. The right brachial artery 
was cannulated for aortic pressure and mi- 
crosphere reference samples. Aortic pressure 
was recorded continuously with a Bell and 
Howell pressure transducer and a Beckman 
R411 8-channel recorder. Hematocrit was de- 
termined. We performed a left thoracotomy, 
using a cautery to minimize bleeding. All ani- 
mals received heparin, 3 mg per kilogram. 
Microspheres were injected through a catheter 
in the left atrium. A right atrial cannula 
was placed for venous return to the pump- 
oxygenator. The left ventricular vent was con- 
nected to the venous return tubing. The same 
surgical preparation, heparinization and can- 
nulation, was done in all animals whether or 
not the pump-oxygenator was used. 
Temperature was controlled at 37° + 1°C in 
normothermic and 25? + 1°C in hypothermic 
animals using a Brown-Harrison heat ex- 
changer during cardiopulmonary bypass. In 
other animals not subjected to the pump- 
oxygenator, temperature was controlled with 
external heating pads, ice bags, and intrave- 
nous fluids at 37°C or 25°C. Hematocrit was 
adjusted to 25 + 2% in animals having he- 


-modilution and maintained at 43 + 2% in 


others. We employed lactated Ringer’s solution 
for hemodilution in all animals. In animals 
having hemodilution without cardiopulmonary 
bypass, lactated Ringer's solution was infused 
and the animal’s own blood was withdrawn or 
infused to maintain a stable arterial blood pres- 
sure, which would, in turn, keep hematocrit at 
25 + 2%. In animals placed on cardiopulmo- 
nary bypass, autologous and donor blood was 
used to maintain hematocrit at the appropriate 
levels. 

Cardiopulmonary bypass was performed 
with an American optical roller pump, dispos- 
able tubing, and bubble oxygenator (Bentley). 


Flows were 100 ml/kglmin. No air entered 


the left ventricle. Hemostasis was meticulous 
throughout the procedure. We used no car- 
diotomy suction because we wanted to avoid 
adding its effects to those of the pump- 
oxygenator. We employed no arterial line filter. 

Tissue blood flow and cardiac output were 
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determined with radionuclide-labeled micro- 
spheres (154) during a control period and 60 
and 120 minutes after we introduced the ex- 
perimental conditions. Microspheres were in- 
jected into the left atrium in animals without 
pump oxygenation and into the arterial line near 
the oxygenator during pump oxygenation. Mi- 
crosphere techniques were employed to deter- 
mine cardiac output, pump flow, and blood 
flow or microsphere concentration in organs or 
regions of organs. Blood flow was calculated for 
left ventricular subendocardium, midmyocar- 
dium, subepicardium; outer and inner renal 
cortex; right cerebral cortex; left quadriceps 
muscle; anterior gastric wall; jejunum; spleen; 
and skin of the left hind leg. Microsphere concen- 
tration was calculated for the right lower lobe 
of the lung, renal medulla, and right hepatic 
lobe where portal circulation and trapping of 
shunted spheres make exact flow calculation 
impossible. Each sample was weighed and flow 
or concentration per gram determined. 

To determine renal clearances, urine was 
collected between 30 and 90 minutes after the 
experimental conditions were achieved. Blood 
samples were drawn midway during the urine 
collection or 60 minutes after the interventions. 
Blood samples were centrifuged, and plasma 
was separated. Renal osmolar, sodium, potas- 
‘sium, and creatinine clearances were calculated 
from plasma and urine concentration, and urine 
volume. Arterial blood pH, arterial oxygen ten- 
sion, arterial carbon dioxide tension, satura- 
tion, and hematocrit were determined every 30 
minutes or more often. 


At the end of the two-hour experiment, the: 


cannulae were clamped and disconnected from 
the animal except for the cannulae and clamps 
with which it was previously weighed. The 
final weights were recorded. For animals 
treated with the pump-oxygenator, the volume 
in the oxygenator was returned to the pre- 
bypass levels. After the animal was weighed, 
the right pleural cavity and the peritoneal cavity 
were drained, and volumes were recorded. Tis- 
sue samples were taken for water content (two 
samples), counting of microspheres, and calcu- 
lation of regional blood flow. Tissue water 
content was determined by wet and dry 
weights: 


Water content — 
(wet weight — dry weight)/wet weight. 


Tissues were dried to constant weight in an 
oven at 106*C. Water content was determined in 
subendocardium and subepicardium of the left 
ventricle, outer and inner cortex and medulla of 
the kidney, left quadriceps muscle, anterior 
gastric wall, jejunum, right lower lobe of the 
lung, skin of the left hind leg, right hepatic lobe, 
and right cerebral cortex. Tissue oxygen delivery 
per gram was calculated for each tissue by the 
product of blood flow, saturation, and hemato- 
crit. 


Delivered oxygen/gm = (flowlgm 
X hematocrit/3 X 1.34 X 9osaturation)/100 


Osmolar clearance was subtracted from urine 
output to determine free-water clearance. The 
renal plasma flow — renal blood flow x (1.0 — 
hematocrit). The filtration fraction was calcu- 
lated by dividing creatinine clearance (glo- 
merular filtration rate or GFR) by renal plasma 
flow. Plasma and urine sodium and potassium 
were determined with a flame photometer. 
Plasma and urine creatinine were assessed by 
the picric acid technique [6]. Plasma and urine 
osmolarity were measured by freezing-point 
depression methods. 


Results 

Organ water content and blood flow were the 
same at 60 and 120 minutes. The effects of hy- 
pothermia, hemodilution, and pump oxygena- 
tion are shown in Tables 1 through 5. Cardiac 
output was increased and arterial pressure was di- 
minished by hemodilution, as shown in Table 
l. This change in cardiac output and arterial 
pressure with hemodilution thus reflects either 
diminished vascular resistance or blood viscos- 
ity or both. Arterial pressure was diminished 
by hypothermia also. None of the interven- 


tions significantly affected total water balance, 


weight gain, or peritoneal water (see Table 1). 

Table 2 shows the effects of hemodilution, 
hypothermia, and pump oxygenation on organ 
blood flow. Cardiopulmonary bypass dimin- 
ished blood flow to midmyocardium and en- 
docardium. Hemodilution produced the op- 
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Table 1. General Effects? 








Hypothermia Hemodilution Pump-Oxygenator 
. p p p 
Variable With Value Without With Value Without With Value Without 
Cardiac 2,168 + 267 NS 2,2276 +120 2,506 + 241 «0.001 1,9384 108 2,375 +49 NS 2,069 -- 285 
output — 
(ml/min) 
Mean 73.9 € 2.3 «0.01 8562421  70.0—- 1.2 0.001 894419 8062+32 NS 78.8 t 3.3 
aortic 
pressure 
(mm Hg) 
Water 1,140 + 376 NS 1,148 + 190 1,340 + 373 NS 948 * 166 856+ 222 NS 1,432 + 323 
gain 
(mi) 
Weight 1,300 + 416 NS 1,221 + 315 1,543 + 487 NS 978 i 113 967 + 312 NS 1,553 + 388 
gain : 
(gm) 
Peritoneal 64+ 40 NS 65+ 42 49+ 36 NS 81+ 45 82+ 45 NS 47 + 37 
water 
(ml) 
?*Results shown as mean + standard deviation. 
NS = not significant. | 
Table 2. Effects on Organ Blood Flow? 
Hypothermia Hemodilution Pump-Oxygenator 
Blood flow 
(ml/min/ p p p 
gm) With Value Without With Value Without With Value Without 
Left ventricle 
Epicar- 1.50 + 0.41 NS 0.92 + 0.09 0.83 + 0.08 NS 1.59 + 0.32 0.80+0.09 NS 1.62 + 0.40 
dium 
Midmyo- 1.19+0.30 NS 0.90 + 0.09 1.36 + 0.29 «0.05 0.72 + 0.07 0.73 + 0.07 «0.05 1.35 + 0.29 
cardium 
Endocar- 1.11 +0.27 NS; 1.16 +0.12 1.46 + 0.26 «0.05 0.81: 0.09 0.81 0.08 «0.05 1.47 + 0.27 
dium — 
Kidney l l 
Outer 3.82 + 0.42 <0.001 6.81 +0.55 5.72 +0.58 «0.01. 4.90 £0.57 4.714034 «0.05 5.79 + 0.73 
cortex sou "o 
Inner 2.26 + 0.22 «0.001 4.07 + 0.33 3.19 + 0.88 NS 3.14 + 0.29 3.16 + 0.31 NS 3.17 & 0.36 
cortex 
Cerebral 0.43 +4 0.10 «0.05 0.78 +0.12 0.81 +0.15 «0.01 0.39 + 0.00. 0.60 +0.22 NS 0.61 + 0.11 
cortex i 
Spleen 1.04 + 0.15 NS 1.30 + 0.20 1.42 +0.21 <0.05 0.92 +0.12 0.94 +0.13 NS 1.40 + 0.21 
Stomach 0.23 + 0.10 NS 0.14 + 0.02 0.29+0.09 NS 0.09 + 0.01 0.22 + 0.10 NS 0.16 + 0.03 
Intestine 0.37 + 0.05 NS 0.36 + 0.04 0.43 + 0.03 «0.01. 0.29 + 0.05 0.41 0.05 «0.05 0.31 + 0.04 
Skeletal 0.07 + 0.00 NS 0.07 + 0.01 0.07 + 0.01 NS 0.06 + 0.01 0.07 + 0.01 NS 0.07 + 0.01 
muscle 
Skin 0.02 + 0.01 «0.05 0.03 +0.01 0.020 0.00 NS 0.02 + 0.01 0.02 +0.01 NS 0.02 + 0.01 





aResults shown as mean + standard deviation. 


NS = not significant. 
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Table 3. Effect on Organ Oxygen Delivery? 
E a e DUTT 











Oxygen Hypothermia Hemodilution Pump-Oxygenator 
Delivery : 
cc/min/ p p . , 
m i With Value Without With Value Without With Value Without 
Left ventricle 
` Epicar- 0.202 + 0.0306 NS 0.136 + 0.014 0.170 + 0.035 NS 0.168 + 0.018 0.129 + 0.018 NS 0.209 + 0.033 
dium DS 
Midmyo- 0.162 + 0.028 NS 0,131 + 0.012 0.148 + 0.026 — NS 0.145 + 0.016 0.117 + 0.016 NS 0.176 + 0.024 
cardium 
Endocar- - 0.150 + 0.024 NS 0.172 + 0.019 0,161 + 0.026 NS 0.162 + 0.018 0.126 + 0.011 NS 0.197 + 0.027 
dium i; ' 
Kidney 
Outer 0.592 + 0.057  <0.001 1.041 + 0.106 0.650 + 0.067 «0.05 0.983 + 0.109 0.742 + 0.053 «0.001 0.890 + 0.125 
cortex ; 
Inner 0.379 + 0.046 <0.001 0.620 + 0.061 0.368 + 0.048 <0.001 0.631 + 0.058 0.513 + 0.054 NS 0.486 + 0.065 
cortex 
Cerebral 0.062 + 0.010 <0.001 0.105 + 0.100 0.086 + 0.013 NS 0.079 + 0.007 0.086 + 0.012 NS 0.078 + 0.009 
cortex 
Spleen 0.163 + 0.022 NS 0.183 + 0.027 0.160 + 0.024 NS 0.185 + 0.025 0.143 € 0.019 NS 0.202 + 0.028 
Stomach 0.031 + 0.013 NS 0.020 + 0.002 0.021 + 0.004 NS 0.018 + 0.002 0.029 + 0.013 NS 0.022 + 0.004 
Intestine 0.059 + 0.010 NS 0.050 + 0.005 0.049 + 0.004 NS 0.060 + 0.010 0.065 + 0.009 <0.05 0.043 + 0.005 
Skeletal 0.012 + 0.002 NS 0.010 + 0.001 0.003 + 0.001 NS 0.013 + 0.002 0.011 + 0.002 NS 0.010 + 0.002 
muscle 
Skin 0.003 + 0.001 — «0.05 0.004 + 0.001 0.002 + 0.001 <0.001 0.005 + 0.001 0.003 + 0.001 NS 0.004 + 0.001 





Results shown as mean + standard deviation. 


NS = not significant. 


posite effect, increasing blood flow to the inner 
left ventricular layers. Hypothermia had no ef- 
fect on heart flow, and diminished flow to all 
kidney regions. Renal medullary microspheres 
reflected both cortical microsphere shunting 
through vessels greater than 15 u in diameter 
and direct medullary flow [7]. Outer renal corti- 
cal flow increased with hemodilution and di- 
minished with the pump-oxygenator. Cerebral 
blood flow fell with hypothermia and rose with 
hemodilution. Intestinal blood flow increased 
with pump oxygenation. Either increased he- 
pátic arterial flow or shunting of microspheres 
through intestinal arteries greater than 15 p 
in diameter can cause increased hepatic mi- 
crospheres. Hemodilution increased flow to 
spleen and intestine. Liver and skin blood flow 
fell with hypothermia. 

Changes of organ blood flow often were not 
accompanied by significant effects on organ 
oxygen delivery (Table 3). Thus, hypothermia, 
hemodilution, and cardiopulmonary bypass 
had no effect on myocardial oxygen delivery. 
Hypothermia and hemodilution diminish oxy- 


gen delivery to both outer and inner cortex of 
the kidney. Cardiopulmonary bypass reduces 
outer renal cortical delivery. Additionally, hy- 
pothermia lessens oxygen delivery to cerebral 
cortex and skin. Diminished oxygen-carrying 
capacity with hemodilution was compensated 
by increased blood flow in other organs ex- 
cept skin. The pump-oxygenator produced in- 
creased oxvgen delivery to intestine. 

Table 4 summarizes the effects of the three 
interventions on organ water content. Car- 
diopulmonary bypass increased water content 
in renal medulla and decreased it in skin. 
Hemodilution elevated water content in many 


' areas including all left ventricular layers, renal 


medulla, liver, stomach, and intestine. Hypo- 
thermia had no effect on tissue water content. 

Table 5 summarizes the effects on serum and 
urine, electrolytes, creatinine and osmolarity, 
free-water clearance, renal plasma flow, filtra- 
tion fraction, and urine output. Although hy- 
pothermia had no effect on sodium, potassium, 
creatinine, or osmolar clearance, it caused sig- 
nificant decrease in free-water clearance and 
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Table 4. Effect on Organ Water Content? 








Hypothermia Hemodilution Pump-Oxygenator 
Water 
Content p p P 
(96) With Value Without With Value Without With Value Without 
Left ventricle. . 
Epicar- 79.02 + 0.40 NS 78.56 + 0.72 79.84 + 0.37 «0.01 77.75 + 0.50 79.28 + 0.65 NS 78.31 + 0.45 
dium 
Endocar- 79.62 +0.55 NS 78.59 i 0.70 80.21 : 0.43 «0.01 — 78.00 + 0.58 79.64 + 0.68 NS 78.58 + 0.57 
dium 
Kidney 
Outer 81.69 + 0,43 NS 81.60 + 0.61 82.35 + 0.51 NS 80.94 + 0.39 81.46 + 0.30 NS 81.82 + 0.67 
cortex 
Inner 82.14 + 0.65 NS 82.11 + 0.38 82.86 + 0.44 NS 81.39 + 0.46 82.46 + 0,42 NS 81.79 + 0.59 
cortex 
Renal 86.76 + 0.65 NS 86.96 + 0.70 87.79 + 0.43 «0.05 85.94 + 0.70 87.78 + 0.51 «0.05 85.95 + 0.65 
medulla 
Cerebral 75.79 £0.59 NS 76.56 + 0.37 76.51 + 0.61 NS 75.84 + 0.35 76.31 + 0.53 NS 76.04 + 0.48 
cortex 
Lung 79.86 + 0.61 NS 80.12 + 0.72 80.80 + 0.63 NS 79.19 + 0.56 80.12 + 0.75 NS 79.86 + 0.58 
Liver 72.76 + 0.66 NS 73.41 + 0.73 74,25 + 0.62 <0.05 71.92 +0.47 72.76 + 0.79 NS 73.41 + 0.59 
Spleen 78.11 + 0.34 | NS 77.72 + 0.32 78.40 + 0.22 NS 77.44 + 0.34 77.72 + 0.42 NS 78.11 + 0.21 
Stomach 82.31 + 1.32 NS 83.18 + 1.29 84.91 + 1.36 «0.01 80.58 + 0.51 81.89 + 0.88 NS 83.60 + 1.57 
Intestine - 80.21 + 0.97 NS 79.76 + 0.98 81.45 + 0.75 «0.05 78.52+0.87 79.08 + 1.00 NS 80.90 + 0.83 
Skeletal 73.84 +1.06 NS 75.02 + 0.61 74.69 + 1.17 NS 74.18 + 0.46 74.49 + 1.12 NS 74.38 + 0.60 
muscle 
Skin 50.22 +2.62 NS 51.01 + 1.52 51.18 + 2.30 NS 50.06 £1.95 46.76 + 1.74 «0.01 54.48 + 1.38 





?Results shown as mean + standard deviation. 
NS — not significant. 


renal plasma flow, and an increase in filtration 
fraction. Plasma potassium fell, osmolarity 
rose, and urine potassium concentration fell 
with hypothermia. 

The pump-oxygenator diminished, sodium, 
osmolar, and free-water clearance and elevated 
serum sodium and osmolarity. It reduced urine 
output and urine sodium concentration and 
augmented urine potassium and creatinine 
concentration. 

Hemodilution increased sodium, potassium, 
osmolar, and free-water clearance. Renal 
plasma flow rose, filtration fraction fell, and 
plasma osmolarity diminished with hemodilu- 
tion. Urine flow increased and urine potas- 
sium, osmolar, and creatinine concentration 
diminished with hemodilution. Thus, many of 
the effects of hemodilution are opposite those 
of hypothermia and pump oxygenation. 

Complete analysis of variance was per- 
formed. No significant interaction between 
groups was found. 


Comment 
Both clinical and experimental evidence prove 
the safety of hypothermia and hemodilution 


during cardiopulmonary bypass. Hypothermia 
decreases oxygen consumption, thereby mak- 
ing low-flow techniques safer [8, 9]. The ad- 
verse effect of hypothermia, especially in- 
creased viscosity and vasoconstriction, are 
offset by hemodilution. The disadvantages of 
hemodilution are principally decreased oxygen- 
carrying capacity, decreased plasma colloid 
osmotic pressure, and elevated interstitial 
water content [10]. Furthermore, hemodilu- 
tion decreases homologous blood requirements 


[11], ameliorates the pulmonary postperfusion 


syndrome, improves urine output, and di- 
minishes renal failure [12, 13]. 

Hypothermia produces several effects on 
fluid volume, viscosity, vascular resistance, and 
oxygen consumption [14]. The adverse effects 
include increased blood viscosity, dilatation of 
capillaries and venules, intravascular red blood 
cell aggregation, arteriolar vasoconstriction, 
and opening of arteriovenous shunts [15]. De- 
creased plasma volume and blood volume, and 
increased interstitial fluid volume produced by 
hypothermia have been reversible with re- 
warming [16, 17]. Hypothermia is accompanied 
by increased blood colloid osmotic pressure 
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Table 5. Effect on Renal Clearances, and on Serum and Urine Concentrations? 








Hypothermia Hemodilution Pump-Oxygenator 
p p p 
Variable With Value Without With Value Without With Value Without 
Clearances 
Sodium 1.18 £2.13 NS 1.30 + 2.41 1.86 + 0.14 «0.000 0.62 + 0.07 0.61 + 0.06 — «0.001 1.87 + 0.19 
Potassium 16.14 t 1.58 NS 18.90 + 1.99 22.14 + 0.98 «0.001 12.72 + 2.37 16.95 + 1.8] NS 20.18 + 2.52 
Creatinine 37.4 + 7.2 NS 495+ 4,6 45.0 + 6.1 NS 42.0 + 6.4 41.7 + 6.2 NS 45.1 + 6.3 
Osmolar 1.92 £0.25 NS 2.27 + 0.31 2.87 + 0.27 <0.001 140+0.14 1.43 + 0.08 «0.001 2.83 10.32 
Free water —0.70 + 0.23 «0.05 —1.18 £025  —1.12€ 0.19 «0.05  —0.83 + 0.00 | —0.70 X 0.08 — «0.05  —1.24 + 0.24 
Plasma flow 248 + 24 «:0.05 442 + 41 429 + 39 «0.05 269 + 19 282 t 22 NS 347 + 36 
(ml/min) 
Filtration fraction 0.150 + 0.020 «0.05 0.111 + 0.915 0,105 + 0.08 «0.05 0.156 X 0.014 0.136 € 0.017 NS 0.120 + 0.013 
Plasma 
concentrations- 
Sodium 152.7 + 0.9 NS 149.6 + 0.6 150.6 + 1.0 NS 151.6 + 0.6 153.5 + 0.5 <0.001 148.8 + 0.9 
(mEq/L) 
Potassium 2.71 +0.35 <0.001 3.31 + 0.07 3.12 1 0.09 NS 2.88 + 0.05 2.95 + 0.08 NS 3.05 + 0.07 
(mEq/l) 
Creatinine 0.96 £+ 0.00 NS 0.98 + 0.04 0.93 + 0.05 NS 1.09 + 0.04 1.02 + 0.04 NS 0.92 + 0.05 
(mg/100 ml) 
Osmolarity 317.2 + 2.0 «0.05 - 300.4 + 43 300.3 + 4.4 «0.001 317.2 + 1.8 318.6 + 1.7 «0.001 297.4 + 5.6 
(mOsm/L} 
Urine concentrations 
Sodium 147.5 $5.5 NS 139.7 + 9.2 145.5 + 7.3 NS 1523 + 11.1 121.2 = 5.3 «0.001 165.7 47.9 
(mEq/L) 
Potassium 63.4 + 7.1 «0.05 103.8 + 14.1 65.4 + 7.8 «0.05 91.6 + 9.5 91.6 + 10.3 «0.01 63,9 + 6.8 
(mEq/L) 
Creatinine 64.3 £ 15.0 NS 87.4 + 16.2 47.2 t 9.3 «0.05 104.5 + 18.5 128.0 + 32.5 «0.01 51.2 x91 
(mg/100 ml) 
Osmolarity 639.0 + 40.7 NS 792.8 t 56.5 555.4 + 27.0 | «0.001 876.4 + 55.7 720.4 + 55.3 NS 711.3 + 45.8 
(mOsm/L) 
Urine output 1.22 £9.22 NS 1.09 + 0.20 1.75 + 0.13 «0.001 0.57 + 0.05 0.73 + 0.08 — «0.001 1.59 + 0.16 


"Results shown as mean + standard deviation. 


NS = not significant. 


[18]. A “slow” circulating population of red 
cells exist during hypothermia [19]. In the dog, 
the release of red blood cells from the spleen 
and transcapillary migration of plasma to the 


interstitial space are important parts of the, 


mechanism [20]. Red cell trapping and in- 
tracellular potassium shifts have also been de- 
scribed [18]. The mechanism of trapping has 
been postulated to be arteriolar dilatation and 
venous constriction [21]. The different organ 
cooling rates contribute to hypothermia acid- 
osis, and are related to blood flow [22]. In- 
creased splanchnic and renal vascular resistance 
has been described but no effect was observed 
on coronary resistance [23, 24]. Carotid flow 
was increased in one study of hypothermia [25]. 
The opening of arteriovenous anastomoses was 
postulated after decreased capillary flow with 
preservation of total flow was observed [26]. 
‘Increased blood viscosity and vasoconstric- 





tion have been repeatedly observed with hy- 
pothermia [27—32]. The reversal of the effects of 
hypothermia by hemodilution has been postu- 
lated to be due to diminished blood viscosity 
rather than vasodilation by hemodilution [33]. 

The effects of hemodilution may be related to 
diminished homologous blood use, altered 
blood flow, or increased interstitial fluid vol- 
umes [10, 34, 35] Hemodilution also di- 
minishes blood loss [36]. Hemodilution may 
replenish the intrinsic plasma-volume deficits 
described in patients with coronary artery dis- 
ease [37, 38]. Hemodilution diminishes plasma 
colloid osmotic pressure and increases ex- 
tracellular volume [10, 39-43]. Increased flow 
with hemodilution is related to decreased vis- 
cosity [44]. Increased tissue flow compensates 
for the diminished oxygen-carrying capacity 
[45, 46]. Additional advantages of hemodilu- 
tion include increased convenience of emer- 
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gency cardiopulmonary bypass, decreased post- 
operative cerebral, rénal, and pulmónary com- 
plications, and improved safety in Jehovah's 
Witnesses [47]. 

The adverse effects of the pump-oxygenator 
are related to microemboli, which have been 
detected in the lungs, kidney, and brain [48]. 
Other effects include hemolysis, platelet loss, 
fibrinogen loss, and red cell aggregation [49]. 
The pump-oxygenator is also a source of insen- 
sible water loss producing rising plasma osmo- 
larity [50, 51]. 


General Effects 

The general effects of hypothermia, hemodilu- 
' tion, and the pump-oxygenator were not as 
significant as the effects on individual organs. 
Hypothermia decreased mean aortic pressure, 
but did not change body weight or water bal- 
ance. Hemodilution increased cardiac output 
and diminished mean aortic pressure. It pro- 
. duced no significant change in total-body weight 
gain or water balance. Peritoneal water content 
was not affected by the three interventions. 


Myocardium 

Hypothermia is commonly used to protect the 
heart against ischemic damage, but injury to 
the myocardium as a result of hypothermia has 
been demonstrated [52, 53]. Diastolic ventric- 
ular compliance decreases with hypothermia 
[54]. Hypothermia diminished coronary re- 
sistance in one study and had no effect in 
another [55, 56]. The myocardial damage and 
subendocardial hemorrhage that accompany 
immersion hypothermia suggest vascular effects 
[57]. 

The decreased flow in the middle and inner 
layers of the left ventricle with the pump- 
oxygenator may be produced by the selective 
. delivery of microemboli to the terminal suben- 
docardial branches of the coronary arteries. 
Axial migration of particles in arteries and de- 
livery of particle-poor blood to proximal 
epicardial branches and particle-rich blood to 
distal endocardial branches explain the de- 
creased subendocardial flow with the pump- 
oxygenator [58]. Hemodilution had the oppo- 
site effect and increased middle and inner 
wall flow in the left ventricle, thus offsetting 


the effect of the pump-oxygenator. Whether 
hemodilution decreases microemboli or causes 
vasodilation in the inner layers is unknown. If 
the increased flow in the inner layer were 
caused by diminished viscosity alone, it would 
imply a greater viscosity effect in the suben- 
docardial layer. We observed no change in oxy- 
gen delivery with hemodilution. 7 
Many studies have shown increased myocar- . 
dial water content with hemodilution [59—62]. 
Ihe present study confirms this observation 
and demonstrates no effect with hypothermia 
or a pump-oxygenator. The increased myocar- 
dial water content neither produces nor is 


caused by ischemia because of the increased 


flow and normal oxygen delivery. The elevated 
water content is likely due to the diminished ` 
plasma colloid osmotic pressure. 


Central Nervous System 

Central nervous system dysfunction accom- 
panying cardiopulmonary bypass has been as- 
sociated with ischemic events. This dysfunc- 
tion is more common in atherosclerotic patients 
and with low perfusion pressure during car- 
diopulmonary bypass [63, 64]. Pathological ex- 
amination shows focal microscopic infarcts 
with emboli of fat, platelets, and foreign mate- 
rial [65, 66]. Other ischemic factors include gas 
microemboli and decreased cerebral flow associ- 
ated with the onset of cardiopulmonary bypass. 
Brain blood flow was preserved in one hypo- 
thermia study [67]. In another study, hypo- 
thermia with cardiopulmonary bypass de- 
creased brain flow [68]. 

In the present study, the pump-oxygenator 
produced no effect on brain blood flow. In the 
clinical situation, other factors not included in 
this study may contribute to cerebral emboli. 
These factors include particulate and air emboli 
from the ascending aorta, left ventricle, and left 
atrium, or emboli from cardiotomy suction. 

Hypothermia had the greatest effect on cere- 
bral flow in this study. It decreased cerebral 
blood flow and oxygen delivery. Hemodilution 
raised cerebral flow and oxygen delivery. The 
effect of hemodilution on cortical flow may be 
due to diminished viscosity, vasodilation, or 
both. 
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The lack of effect of hypothermia, hemodilu- 
tion, or pump oxygenation on cerebral cortex 
water content may be related to the blood-brain 
barrier. The cerebral cortical extracellular space 
is changed by hypothermia [69]. 


Gastrointestinal Dysfunction 

Gastrointestinal dysfunction is an uncommon 
complication of cardiopulmonary bypass al- 
though liver failure can follow deep hypother- 


mia [70]. Rudy and associates [71] showed 


increased intestinal blood flow with cardio- 
pulmonary bypass. In the present study, hy- 
pothermia had no effect on gastrointestinal 
blood flow, oxygen delivery, or water con- 
tent. Hemodilution increased splenic and intes- 
tinal flow without changing oxygen delivery. 
The pump-oxygenator increased both flow and 
oxygen delivery to the intestine. Hepatic mi- 
crospheres are the sum of liver trapping of 
spheres delivered by the hepatic artery and 
portal vein. Portal vein microspheres are 
shunted through organs. Thus, increased mi- 
crospheres in the liver may reflect increased 
hepatic artery flow, increased gastrointestinal 
shunting, or both. Hypothermia diminished 
and the pump-oxygenator increased hepatic 
microspheres. 


Skin 

Hypothermia diminished skin blood flow, 
probably because of vasoconstriction. The 
cause of decreased skin water content with the 


|. pump-oxygenator is not apparent. 


Plasma Concentration 

Serum potassium diminishes with hypother- 
mia but is not changed by hemodilution or the 
pump-oxygenator. Previous studies show a 
lower serum potassium with hypothermia and 
higher myocardial and skeletal muscle potas- 
sium [72-76]. The fall in serum potassium with 
hypothermia is abolished by adrenalectomy 
[75]. The elevated serum sodium concentration 
accompanying pump oxygenation may be 
caused by evaporative oxygenator water loss 
[76]. Neither hemodilution nor hypothermia 
affected serum sodium. Hypothermia increased 


. serum osmolarity while hemodilution dimin- 


ished osmolarity. This finding probably is re- 


lated to the lower osmolar concentration of lac- 
tated Ringer’s solution. 


Renal Failure 

Renal failure is relatively common following 

cardiopulmonary bypass. Among the con- 

tributing factors are blood priming, duration of 

operation, arterial pressure during perfusion, 

and preoperative and postoperative cardiac 

function [77-82]. The importance of increased 
urine flow with hemodilution has been recog- 

nized [13]. Hypothermia increases urine potas- 

sium [83]. Hypothermia diminishes GFR, renal 

blood flow, and osmolar clearance, and elevates 

filtration fraction and free-water clearance [84]. 

Hypothermia decreases the activity of renal 

tubules and elevates excretion of filtered 

sodium and water [85]. Ischemia of the outer 

renal cortex has been recognized following car- | 
diopulmonary bypass [86]. Improved urine 
flow and decreased urine osmolarity with 
hemodilution cardiopulmonary bypass have 
been demonstrated to protect the integrity of 
renal tubules postoperatively [87]. Diminished 
free-water clearance is a strong predictor of im- 

pending renal failure [88, 89]. 

The present study shows the reciprocal ef- 
fects of hemodilution, hypothermia, and the 
pump-oxygenator on aspects of renal function. _ 
Hypothermia decreases outer and inner cortex 
blood flow and oxygen delivery. Similarly, the 
pump-oxygenator decreases outer cortical flow 
and oxygen delivery. Although hemodilution 
increases outer cortical flow, the oxgyen deliv- - 
ery to outer cortex and inner cortex is di- 
minished with hemodilution. The medullary 
microspheres come principally from spheres 
shunted through the cortical afferent and effe- 
rent arterioles and glomeruli. Renal vasodila- 
tion with adenosine triphosphate produces 
increased medullary microspheres [7]. Thus, 
the fewer medullary microspheres with hypo- ` 
thermia result from cortical vasoconstriction. 
Hemodilution has no effect on medullary mi- 
crospheres, which suggests that decreased vis- 
cosity rather than vasodilation accounts for the 
increased outer cortical flow. These conclusions 
assume that vasodilation and not decreased 
viscosity alone cause increased shunting. The 
decreased outer cortical flow with the pump- 
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oxygenator may be due to microemboli. Mi- 
croemboli are distributed to the terminal ar- 
teriolar branches of an organ by axial migration 
and plasma skimming [90, 91]. This explains 
the decreased outer cortical flow with the 
pump-oxygenator. If the outer cortical emboli 
occlude some vessels and do not dilate or con- 
strict other vessels, one would expect no change 
in medullary microspheres. No change in med- 
ullary microspheres were observed with the 
pump-oxygenator. 

Change in water content was observed in the 
renal medulla. Both hemodilution and the 
pump-oxygenator increased medullary water 
content. This is consistent with the increased 
urine flow and decreased osmolarity observed, 
and confirms the medullary dilution by 
hemodilution postulated by Mielke and co- 
workers [87]. 

Hypothermia decreases renal plasma flow, 
hemodilution elevates plasma flow, and the 
pump-oxygenator has no effect. The GFR is not 
affected by hypothermia, hemodilution, or the 
pump-oxygenator. Hypothermia raised the filtra- 
tion fraction, suggesting that vasoconstriction 
caused by hypothermia may be greater in the 
efferent than the afferent glomerular arteriole. 
The decreased filtration fraction with hemodi- 
lution may be caused by decreased viscosity 
diminishing filtration pressure at the glomeru- 
_lus by lowering efferent arteriole resistance 
more than afferent arteriolar resistance. Hy- 
pothermia and the pump-oxygenator both 
decreased free-water clearance, and hemodilu- 
tion increased it. The pump-oxygenator di- 
= minished sodium and osmolar clearance while 
hemodilution increased sodium, osmolar, and 
potassium clearance. Thus even though hypo- 
. thermia and the pump-oxygenator decrease 
renal blood flow substantially, they do not af- 
fect the GFR. Hemodilution increases renal 
blood flow without increasing the GFR. Di- 
minished clearances accompanying use of the 
pump-oxygenator show continued activity of 
the renal tubules. Lower clearances with 
hemodilution show active reabsorption of the 
tubules in the presence of a normal GFR. 
Because of the complex humoral effects of 
cardiopulmonarv bypass on renin-angioten- 


sin-aldosterone, cortisol, and antidiuretic hor- 


mone, the opposing effects of hemodilution 
and the pump-oxygenator might be related to 
their effect on humoral mechanisms [92]. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1982 is Au- 
gust 1, 1981. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1982 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
seven Mile Road, Detroit, MI 48205. 


Oxygen Transport to Tissue 


under Normovolemic Moderate and Extreme 
Hemodilution during Coronary Bypass Operation 


Juha Niinikoski, M.D., Veikko Laaksonen, M.D., Olli Meretoja, M.D., 
Jouko Jalonen, M.D., and Markku V. Inberg, M.D. 


ABSTRACT Oxygen transport to tissue was studied 


in 12 patients undergoing coronary bypass opera- 


tion under normovolemic moderate and extreme 
hemodilution. Normovolemic moderate hemodilu- 
tion (15 ml per kilogram of body weight), carried out 
immediately after induction of anesthesia, decreased 
the mean hematocrit from 0.43 to 0.33. Simulta- 
neously, the cardiac index and the left ventricular 
filling. pressure increased slightly but the systemic 
oxygen transport was reduced by 2096. The subcu- 
taneous tissue oxygen tension (Po) was approxi- 
mately 40 mm Hg after induction of anesthesia and 
underwent a transient increase during moderate 
hemodilution. During cardiopulmonary bypass and 
extreme hemodilution, the mean hematocrit de- 
clined to 0.16. Concurrently, the mean tissue Po; fell 
Sharply and reached a minimum of 14 mm Hg at 
deepest hypothermia. After decannulation and rein- 
fusion of autologous blood, the Po, rose to 30 mm 
Hg. In general, total-body oxygen consumption 
changed along with tissue Po;. Blood lactate con- 
' centration underwent a clear increase in the early 


phase of extracorporeal circulation and remained . 


rather stationary thereafter. No perioperative myo- 
cardial infarctions were encountered, and each pa- 
tient made an uneventful recovery. 


In experimental animals with normal coronary ` 


circulation, adequate oxygen delivery to tissues 
during acute normovolemic hemodilution is 
ensured by an increased cardiac output as a 
compensatory mechanism for the reduced ca- 
pacity of oxygen transport [1-4]. However, 
with limited coronary circulation, subendocar- 
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dial ischemia and myocardial pumping failure 
can follow acute reduction of the blood hemo- 
globin level, which possibly is due to maldis- 


 tribution of coronary blood flow [3, 5-9]. 


At present, the method of extreme hemo- 
dilution, i.e., acute- normovolemic hemodilu- 


tion prior to operation and extracorporeal cir- 


culation with nonhemic priming, is widely 
used in open-heart operations, even in pa- 
tients with coronary heart disease [10—13]. Ex- 
treme hemodilution during cardiopulmonary 
bypass not only reduces the demand on blood 
bank facilities, but also decreases the risks of 
serum hepatitis and transfusion reactions [11, 
14, 15]. Furthermore, autotransfusion at the end : 
of the operation provides platelets and other 
clotting factors as well as optimal oxygen trans- 
port characteristics. These advantages, how- 
ever, must be weighed against concomitant 
and sometimes undesirable physiological se- 
quences that can follow rapid hemodilution. 
In the present investigation, we studied 
tissue oxygen tension (Poz), systemic oxygen 
transport, some metabolic features, and central 
hemodynamics in patients undergoing coro- 
nary bypass operation under normovolemic 
moderate and extreme hemodilution. 


Material and Methods 

Twelve consecutive patients undergoing coro- 
nary bypass operation were chosen for the 
present study. There were 10 men and 2 women 


ranging from 35 to 57 years old (mean age, 49 


years). 

The preanesthetic medication consisted of 
pethidine and promethazine. Anesthesia was 
induced with neuroleptic agents, thiopentone, 
and pancuronium. The patients were connected 
to a preset volume-ventilator without positive 
end-expiratory pressure, and anesthesia was 
maintained with nitrous oxide and 3096 oxy- 
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gen, low doses of neuroleptics, and pancuro- 
nium. Before the operation was begun, each 
patient received methylprednisolone, 30 mg 
per kilogram of body weight. 

Extracorporeal circulation was performed 
utilizing a roller pump with continuous flow, 
a Rygg-Kyvsgaard bubble oxygenator," and 
moderate hypothermia (30°C). The arterial can- 
nula was connected to the ascending aorta, and 
cooling was started immediately after bypass 
was begun. One blood filter was used in the 
arterial line. For myocardial preservation, con- 
tinuous topical cooling with ice-cold saline so- 
lution (100 mg per minute) and intermittent 
cross-clamping of the aorta were used. The 
mean total cross-clamping time was 60 minutes 
(range, 25 to 80 minutes) and the mean perfu- 
sion time, 119 minutes (range, 70 to 170 min- 
utes). The coronary operation consisted of aor- 
tocoronary reconstructions with saphenous 
vein grafts. Six patients received three grafts, 5 
patients had two grafts, and 1 patient got one 
graft. 


Hemodynamics, Tissue Oxygen Tension, 

and Blood Chemistry 

Right atrial, pulmonary arterial, and pulmonary 
capillary wedge pressures were measured by 
means of a triple-lumen balloon-tip thermodi- 
lution catheter (Edwards Laboratory, model 
93-118 7F). The catheters were introduced per- 
cutaneously one day before operation through 
the internal jugular vein using the Seldinger 
technique. Arterial blood pressure was re- 
corded with a 16 gauge cannula inserted into 
the radial artery immediately after the induc- 
tion of anesthesia. All pressures were measured 
and recorded with a Mingograf 4-channel os- 
cillograph* utilizing Elema-Schónander pres- 
sure transducers (models EMT 33 and EMT 34). 
The heart rate was calculated from the pressure 
recordings. The determinations of cardiac out- 
put were made by means of an Edwards cardiac 
output computer (model 9510). During each oc- 
casion of hemodynamic recordings, at least five 
parallel cardiac output determinations were 
performed and their mean value was calculated. 


*Polystan AS, Copenhagen, Denmark. 
tElema-Schónander, Stockholm, Sweden. 


The Po, was recorded continuously in the 
subcutis of the right upper arm by means of an 
implanted Silastic tonometer as described by 
Niinikoski and Hunt [16]. Implantation of the 
tonometer was carried out under local anes- 
thesia by means of a special atraumatic im- 
plantation needle two days prior to operation. 
During measurements, the tonometer tube was 
perfused with hypoxic saline solution that 
equilibrated with the average Po, of the sur- 
rounding tissue because Silastic is extremely 
permeable to oxygen. The equilibrated fluid 
was then directed to an oxygen electrode in a 
blood-gas analyzer,* which was connected to a 
Servogor chart recorder.' 

Blood samples collected from the radial and 
pulmonary arteries were analyzed in duplicate 
for gas tensions (arterial oxygen tension [PaO;], 
mixed venous oxygen tension [PvO,;], arterial 
carbon dioxide tension [PaCO,], mixed venous 
carbon dioxide tension [PVO,]) and pH using 
standard Radiometer electrodes. The values 
were corrected to the actual nasopharyngeal 
temperature using the nomograms of Kelman 
and Nunn [17]. The hemoglobin oxygen sat- 
uration (arterial oxygen saturation [SaO,], 
mixed venous oxygen saturation [SVO;]) was 
derived from the uncorrected Po, values using 
the Severinghaus blood-gas calculator [18]. The 
concentrations of lactate and 2,3 diphospho- 
glycerate (2,3 DPG) were measured in the 
mixed venous blood utilizing commercial kits 
for enzymatic determinations: Biochemical Test 
Combinations, Boehringer Mannheim GmbH, 
Germany, and 35-UV, Sigma Chemical Co., St. 
Louis, MO, respectively. For Psy determina- 
tions, samples of mixed venous blood were 
equilibrated for 20 minutes with a gas mixture 
containing 3.596 oxygen and 596 carbon dioxide 
in an Instrumentation Laboratories 237 to- 
nometer; then the Po, and pH were determined 
and the SaO, was measured with a spectro- 
photometric method (OSM 2, Radiometer). The 
Ps, was calculated according to the Hill for- 
mula [19] using an n value of 2.8. The factors 
used to correct the Psy) according to the arte- 
rial blood pH and actual body temperature 


*PHM 71, Radiometer, Copenhagen, Denmark. 
tGoertz Electro GmbH, Vienna, Austria. 
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(actual P59) were 0.48 and 0.024, respectively 
[18]. The P5, for standard conditions (pH 7.40; 
temperature, 37.0°C) was also calculated. 

Arterial and mixed venous oxygen contents, 
systemic oxygen transport, total-body oxygen 
consumption, arteriovenous oxygen content 
difference, cardiac index, a$ well as pulmonary 
and systemic vascular resistances were calcu- 
lated using the standard equations. During ex- 
tracorporeal circulation, the total-body oxygen 
consumption was calculated from the arte- 
riovenous oxygen content difference and the 
calibrated arterial pump flow rate. 


Moderate and Extreme Hemodilution 
Control measurements were performed before 
the induction of anesthesia. After stable anes- 
thesia was achieved, moderate normovolemic 
hemodilution was carried out by withdrawing 
15 ml of blood per kilogram of body weight 
through the arterial cannula. The shed blood 
was replaced with plasma protein solution in 
a 1:1 ratio. Concomitantly, systemic, pulmo- 
nary, and venous pressures were followed 
carefully. The shed blood was stored at room 
temperature in polyvinyl , bags containing 
citrate-phosphate-dextrose.*' The autologous 
blood was retransfused after perfusion was ended 
and when the heparin was neutralized and 
surgical hemostasis nearly accomplished. 
Extreme hemodilution was induced by using 
a nonhemic prime in the heart-lung machine. 
The priming solution consisted of the following 
ingredients: Ringer's acetate (Fysiosol: Leiras, 
Turku, Finland), 1,500 ml; degraded gelatin 
(Haemaccel: Behring Institut, Germany), 500 to 
.1,000 ml; dextran 40 (Rheomacrodex: Leiras), 
500 ml; 1596 mannitol, 150 ml; 5096 glucose, 20 
ml; and tromethamine (THAM), 15 ml. The 
priming solution was hyperosmolar, 480 mOsm 
per liter. During cardiopulmonary bypass, the 
arterial flow rate was kept constant at 2.4 L/ 
min/m?, the blood-gas flow ratio being 1:1.5. 
Oxygen and 1096 carbon dioxide were deliv- 
ered to the oxygenator through a bacterial gas 
filter to maintain the carbon dioxide concen- 
tration in the humidified oxygenator exhaust 
gas at 4% during hypothermia. At the end of 


*Travenol Laboratories, Lessinges, Belgium. 


bypass, dopamine (5 to 10 ug/kg/min), calcium 
chloride (1.0 gm), and glucagon (10 mg) were 
given routinely to each patient. - 


Results 
Concurrently with normovolemic moderate he- 
modilution, the mean cardiac index increased 
from 2.5 to 2.8 L/min/m* while the mean pul- 
monary capillary wedge pressure rose from 
11.8 to 14.3 mm Hg (Fig 1). Immediately after 
decannulation, both variables were at the max- 
imum and decreased sharply until the end of 
the operation. 

During moderate normovolemic hemodilu- 
tion, the mean arterial préssure, heart rate, and 


systemic and pulmonary vascular resistances 


remained essentially unchanged. The mean 
systemic vascular resistance was 1,720 dyne sec 
cm * before the onset of extracorporeal circula- 
tion, and the minimum mean value of 800 dyne 
sec cm ? was observed immediately after cessa- 
tion of cardiopulmonary bypass. 

As shown in Figure 2, normovolemic moder- 
ate hemodilution decreased the mean hemato- 
crit from 0.43 to 0.33. It declined further to 0.16 
during cardiopulmonary bypass and extreme 
hemodilution, and rose to 0.24 after decannula- 
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Fig 1. Changes in cardiac index and pulmonary capil- 
lary wedge pressure (PCWP) in patients with coronary 
heart disease during normovolemic moderate hemodilu- 
tion and after the conclusion of extracorporeal circula- 
tion. Each value indicates the mean and the standard 
error of the mean of 12 patients, 
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Fig 2. Hematocrit and nasopharyngeal temperature in 
pahents undergoing coronary bypass operation under 
normovolemic moderate and extreme hemodilution. 
Each value indicates the mean and the standard error of 
the mean of 12 patients. 


tion and reinfusion of the shed blood. During 
coronary bypass, the nasopharyngeal temper- 
ature was decreased to 30°C. Before perfusion 
was concluded, the patients were rewarmed to 
37°C, but at the end of the operation, the 
mean nasopharyngeal temperature declined to 
34.7°C. 

Mean PaO, was about 100 mm Hg before and 
after cardiopulmonary bypass, and the peak 
value of 360 mm Hg was reached during bypass 
at the deepest hypothermia (Fig 3). During 
normovolemic moderate hemodilution, Po, and 
hemoglobin SVO, decreased. After the onset of 
extracorporeal circulation, both began to rise. 
The highest mean PVO, was reached during 
rewarming whereas the SVO, attained its 
maximum during deepest hypothermia. After 
the conclusion of bypass, PVO, and SVO, de- 
clined below the initial values when the mean 
SaO, was over 9596, the circulatory state was 
hyperdynamic, and the mean hematocrit was 
0.24. 

During extracorporeal perfusion, 2,3 DPG de- 
creased slightly from the prebypass levels, and 
the lowest values were observed at the end of 
the operation (Fig 4). Neither moderate nor 
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Fig 3. Arterial (PaQ,) and mixed venous (PVO,) blood 
oxygen tension and hemoglobin oxygen saturation 
(SVO,) of the venous blood in patients undergoing coro- 
nary bypass operation under normovolemic moderate 
and extreme hemodilution. Each value indicates the 
mean and the standard error of the mean of 12 patients. 


extreme hemodilution caused changes in the 
standard P4, whereas elevated values were 
observed at the beginning of the operation 
and at the early phase of cardiopulmonary 
bypass. There were marked pH-induced and 
temperature-induced changes in the actual Ps, 
but no effects clearly related to hemodilution it- 
self could be seen. 

The changes in systemic oxygen transport, 
total-body oxygen consumption, and periph- 
eral tissue Po, are depicted in Figure 5. Moder- 
ate normovolemic hemodilution reduced sys- 
temic oxygen transport by 2096, and during 
extracorporeal circulation and extreme hemo- 
dilution, the values were only about 4096 of 
the original level. After decannulation and re- 
infusion of shed blood, the systemic oxygen 
transport value almost reached the initial 
value. During moderate hemodilution, a slight 


138 The Annals of Thoracic Surgery Vol 31 No 2 February 1981 


CARDIOPULMONARY BYPASS 


2.3 DP 
"T acl oH 


L 4 


asr Pag mmHg 
standard Pso i 


actual Psp 





FOE le de d Eo f 4 


Before Steady Moderate After Extreme Deepest Re- After Sterno- 
anesthesio anmthesio hemo- sterno- hemo- hypo- warming decannola- tomy 
dilution tomy — cilution thermic tion closed 


Fig 4. The 2,3 diphosphoglycerate (DPG) content as 
well as the actual and standard P, in patients under- 
going coronary bypass operation under normovolemic 
moderate and extreme hemodilution. Each value indi- 
cates the mean and the standard error of the mean of 12 
patients. 


increase in total -.body oxygen consumption 
was noted. It reached its minimum during the 
deepest hypothermia and returned to the ini- 
tial level after the end of bypass. The mean 
tissue Po, was 41 mm Hg after induction of 
anesthesia. During normovolemic moderate 
hemodilution, the tissue Po, increased tran- 
siently by 5 to 20 mm Hg and returned to the 
initial level before the beginning of operation 
(Fig 6). After sternotomy, the tissue Po, fell 
sharply and reached a minimum of 14 mm Hg at 
deepest hypothermia during extracorporeal cir- 
culation. During rewarming, the values began 
to rise, and after decannulation, the mean tis- 
sue Po, rose further to 30 mm Hg followed by a 
decline to 26 mm Hg at the end of the operation 
(see Fig 5). 

The changes in blood lactate concentration as 
well as the alterations of PaCO, and pH are 
shown in Figure 7. Lactate in the mixed venous 
blood accumulated slowly during moderate 
hemodilution and at the beginning of the oper- 
ation. À more pronounced increase in lactate 
concentration occurred after initiation of ex- 
tracorporeal bypass. During perfusion, the lac- 
tate concentrations remained stationary at a 
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Fig 5. Systemic oxygen supply, total-body oxygen con- 
sumption, and subcutaneous tissue oxygen tension 
(PO,) in patients undergoing coronary bypass operation 
under normovolemic moderate and extreme hemodilu- 
tion. Each value indicates the mean and the standard 
error of the mean of 12 patients. 


level of 4.5 mmole per liter. A maximum mean 
value of 5.8 mmole per liter was measured at the 
end of the operation. The PaCO, values de- 
clined clearly after induction of anesthesia, but 
they returned to the preinduction level during 
extracorporeal perfusion and remained fairly 
constant thereafter. After the beginning of an- 
esthesia, the mean arterial pH increased from 
7.44 to 7.52 due to respiratory alkalosis. At 
deepest hypothermia, the arterial pH declined 
to a slightly acidemic value of 7.34 but returned 
to normal at the end of the operation. 

During perfusion, the patients received on 
the average 1,550 ml of degraded gelatin, 510 ml 
of crystalloids, and 1 unit of banked blood 
(range, 0 to 3 units). After the patients came off 
bypass, 2 units of frozen plasma and 3 units of 
fresh donor blood (range, 1 to 5 units) were 
transfused in addition to autologous blood. 
Neither alkali other than THAM in the prime 
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Fig 6. Continuous recording of subcutaneous tissue oxy- 
gen tension (PO) in 2 patients undergoing moderate 
normovolemic hemodilution before coronary bypass op- 
eration. The curves represent a typical recording (solid 
line) and the highest response of tissue PO; to moderate 
hemodilution (broken line). 


nor albumin was used. The amount of bleed- 
ing through chest tubes until the first postoper- 
ative morning averaged 610 ml (range, 345 to 
1,080 ml). No reexploration was required for 
postoperative bleeding. The mean thrombo- 
cyte count was 212,000 x 109/L preoperatively, 
101,000 x 108/L immediately after the operation, 
and 108,000 x 109/L on the first postoperative 
morning. Plasma free-hemoglobin, an indicator 
of hemolysis, was 460 mg per liter after bypass. 
Diuresis averaged 2,640 ml (range, 1,100 to 
3,700 ml) in the operation theater and 2,450 ml 
(range, 1,590 to 3,230 ml) in the intensive care 
unit until the following morning. Perioperative 
myocardial infarction, as diagnosed by new Q 
waves on the electrocardiogram, could not be 
observed in any of the patients. All patients 
made an uneventful recovery. 


Comment 


Normovolemic Moderate Hemodilution 

The rationale for intentional hemodilution is 
based on the principle that therapeutic advan- 
tage is achieved on the basis of compensatory 
mechanisms of the body. This means, however, 
that the compensatory reserves have to be suffi- 
cient to meet the hemodynamic alterations in- 
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Fig 7. Lactate concentration in the mixed venous blood 
as well as arterial blood carbon dioxide tension (PaCO;) 
and pH in patients undergoing coronary bypass opera- 
tion under normovolemic moderate and extreme 
hemodilution. Each value indicates the mean and the 
standard error of the mean of 12 patients. 
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duced by hemodilution. The increase in cardiac 
output has been recognized as the main com- 
pensatory mechanism, providing that hypovo- 
lemia during dilution is strictly avoided. 

In dogs with normal coronary arteries, 
adequate myocardial perfusion and nutrition 
were maintained during normovolemic anemia 
by augmentation of cardiac output and coro- 
nary blood flow, but at hemoglobin levels 
below 50 gm per liter subendocardial ischemia 
developed as a result of a decreased ratio in en- 
docardial to epicardial flow [5]. Kleinman and 
co-workers [8] found in dogs that a hematocrit 
value of 2096 causes marked maldistribution in 
the subendocardial blood flow between regions 
of the left ventricle with normal and those with 


collateral circulation. In patients with severely . 


depressed coronary blood supply resulting in 
significant coronary vasodilation, the margin 
of safety mav be compromised in acute nor- 
movolemic anemia [3]. Concurrently, acute 
normovolemic hemodilution has been con- 
sidered to be contraindicated in patients with 
ischemic heart disease [3, 20], although at 
present the technique is used in. open-heart 
operations including coronary operation [10, 
21]. 

Our results indicate that hemodynamic com- 
pensatory mechanisms in patients with coro- 
nary heart disease were probably not fully 
adequate during moderate hemodilution. 
Among the patients studied, left ventricular 
filling pressure and cardiac output increased 
slightly whereas systemic oxygen transport de- 


creased by 20%. Concurrently, both the PVO; - 


and the SvO, declined, which indicated in- 
creased tissue oxygen extraction. Although the 
increase in cardiac output was too small to 
maintain systemic oxygen transport at the con- 
trol predilution level, the tissue Po, underwent 
a transient increase during dilution and re- 
mained at the predilution level until the begin- 
ning of operation. This finding may be ex- 
plained by enhanced tissue perfusion due to 
improved rheological properties of the blood 
[4]. This is supported by our earlier observation 
that in patients undergoing coronary bypass 
operation without hemodilution, the tissue Po; 
had declined sharply before the onset of opera- 
tion [22]. 


The lack of fully adequate hemodynamic re- 
sponse to the dilution procedure may be due to 
the coronary heart disease itself or to the rela- 
tively high systemic vascular resistance ob- 
served in these patients. The high vascular re- 
sistance may be ascribed to vasoconstriction 
associated with mild hyperventilation and de- . 
creasing body temperature. On the other hand, 
many of the patients were able to compensate 
very adequately for the moderate hemodilu- 
tion, and severe congestion was not observed 
in any patient. It is concluded that in patients 
with advanced coronary heart disease, nor- 
movolemic moderate hemodilution appears to 
be clinically satisfactory when carried out under 
careful monitoring of central hemodynamics. 


Extreme Hemodilution | | 
Extracorporeal circulation with nonhemic 
priming is gaining acceptance as a safe and ef- 
fective means to reduce the ‘need for donor 
blood and to avoid hazards from homologous 
blood in cardiac operations. Although some in- 
vestigators have warned against hemodilution 
to hematocrits of lower than 20% in open-heart 
operations [23, 24], Buckley and co-workers [25]. 
and Laver and Buckley [26] described opera- 
tions in which the hematocrit was decreased 
below 10% under severe hypothermia without 
signs of tissue hypoxia or pulmonary edema. In 
the work of Lilleaasen and Stokke [27], the av- 
erage hematocrit during perfusion was 18% in 
patients having extreme hemodilution, and no 
attempts were made to lower the body temper- 
ature, which was stable between 34° and 35°C. 
According to recent studies, total-body oxy- 


, gen consumption during hypothermic bypass 


is not an adequate index of tissue oxygen de- 
mand but merely reflects the metabolic rate in 
tissues [28, 29]. In the present investigation, the 
mean total-body oxygen consumption during 
deepest hypothermia was only 37% of the ini- 
tial prebypass value. The oxygen extraction of 
tissues expressed as a percentage of the sys- 
temic oxygen transport was only 23% at deep- 
est hypothermia, while before and after perfu- 
sion the corresponding figure was 32 to 35%. 
As a sign of low oxygen consumption during 
bypass, both the PVO, and SVO, were markedly 
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elevated despite the profound fall in hematocrit 
during extreme hemodilution. 

During deepest hypothermia, the mean PaO, 
was as high as 360 mm Hg. In this phase, 15% 
of the systemic oxygen supply and 58% of the 
total-body oxygen consumption were trans- 


ported in the form of physically dissolved oxy- . 


gen. During extreme hemodilution, the hemo- 
globin concentration averaged 50 gm per liter, 
and it was calculated that tissues utilized only 
11% of the hemoglobin-bound oxygen at the 
deepest hypothermia. 

During hypothermic bypass with extreme 
hemodilution, despite PaO, of more than 300 
mm Hg, the mean tissue Po; fell to as low as 14 
mm Hg. This suggests poorly perfused subcu- 
taneous tissue due to some major redistribution 
of blood flow. A fully analogous decrease in 
subcutaneous tissue Po, has been observed in 
patients operated on under cardiopulmonary 
bypass with hemic priming [22]. If hypoxia de- 
velops in a low metabolism tissue such as the 
subcutis, what would be the oxygenation state 
in the myocardium, renal cortex, or brain? This 
question cannot be answered on the basis of 
the present work. 

The most important determinants of the po- 
sition of the oxyhemoglobin dissociation curve, 
i.e., of the relative oxygen-releasing capacity of 
hemoglobin, are temperature, pH, and intra- 
erythrocytic organic phosphates [30]. During 
cardiopulmonary bypass, hypothermia tends 
to shift the dissociation curve to the left and re- 
strict the availability of oxygen for consump- 
tion. On the other hand, the marked decline of 
the plasma pH during perfusion ought to shift 
the dissociation curve to the right and thereby 
facilitate oxygen delivery to tissues. The pro- 
duction of 2,3 DPG in erythrocytes is inhib- 
ited at a low pH [31], and the extracorporeal cir- 
‘culation itself has been shown to decrease the 
concentration of 2,3 DPG [32]. In the present 
investigation, a slight decine of 2,3 DPG 
content occurred during and after the artifi- 
cial perfusion as a net effect of the factors just 
mentioned. 

On the basis of earlier reports [33, 34], we 
would have expected a rise in the Ps) values 
during extreme hemodilution. However, in 
this study, no such effect was seen. It must be 


arterial value 


stressed that our method of analyzing the P; does 


. not take into account the possible intraeryth- 


rocytic changes induced by carbon dioxide: in 
the presence of the diminished amount of he- 
moglobin, red cell mass, and unchanged carbon 
dioxide production, there is a tendency toward 
increased amounts of soluble carbon dioxide in 
the plasma and intraerythrocytic cytoplasm, 
which, in turn, may reduce the intraerythrocy- 
tic pH. In this work, the Pco; in the mixed ve- 
nous blood in relation to the corresponding 
increased during extreme 
hemodilution and therefore, the actual P; 
values could have, in fact, been higher. 

Our previous study [22] and other investiga- 
tions [35] with conventional hemic priming 
have shown that the blood lactate concentration 
rises slightly during cooling and sharply during 
rewarming and after bypass. One of the most 
important observations in the present work was 
that the clearest increase in lactate concentra- 
tion occurred immediately after the start of 
perfusion, remained stationary throughout ex- 
tracorporeal circulation, and rose only moder- 
ately as the natural circulation and ventila- 
tion were reestablished. As mentioned earlier, 
hyperventilation causes vasoconstriction and 
thereby may elevate blood lactate concentration 
[36]. Possibly, hemodilution led to more homo- 
geneous tissue perfusion at the beginning of 
extracorporeal circulation, and the lactate ac- 
cumulated in tissues was washed out into the 
circulation. The postperfusion elevation of lac- 
tate was probably due to a hyperkinetic hemo- 
dynamic state associated with vasoconstriction 
and shunting. 

During operation, hemolysis was minimal, 
platelet counts remained adequate, and bleed- 
ing was limited. Diuresis during and after op- 
eration remained fully satisfactory. 

It can be expected that during hypothermic 
perfusion with extreme hemodilution, the most 
dangerous periods for myocardial oxygen me- 
tabolism are the first minutes of cardiopulmo- 
nary bypass, the time of aortic cross-clamping, 
the phase of recirculation as the heart is fibril- 
lating, and the time of rewarming when the 
heart is gaining its original rhythm. In the 
present series, no perioperative myocardial in- 
farctions were encountered. However, time 
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and specific methods are required to test the . 


adequacy of these techniques in relation to 
myocardial oxygenation and metabolism. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery will 
give a voluntary recertification examination in 
the fall of 1981. Diplomates interested in par- 


ticipating in this examination should maintain 


a documented list of their cardiothoracic opera- 
tions performed two years prior to application 
for recertification. They should also keep a 
record of their attendance at thoracic surgical 
meetings and other continuing medical educa- 
tion activities for the two years prior to appli- 
cation for recertification. 


A recertification brochure has been prepared 
outlining the rules and requirements. It also 
contains information about applying for the 
voluntary recertification examination. The bro- 
chure has been mailed to all Diplomates except 
those certified in 1979 and 1980. If you have not 
received yours and wish a brochure, please 
write the American Board of Thoracic Surgery, 
14640 E Seven Mile Road, Detroit, MI 48205. 


Intraaortic Balloon Counterpulsation: 

Its Influence Alone and Combined with Various 
Pharmacological Agents on Regional Myocardial Blood 
Flow during Experimental Acute Coronary Occlusion 


G. Kimble Jett, M.D., Satish K. Dengle, Ph.D., Peggy A. Barnett, A.B., 
Melvin R. Platt, M.D., James T. Willerson, M. D., John T. Ons Ph. D., 


and Robert C. Eberhart, Ph.D. 


ABSTRACT We investigated the separate and com- 
bined effects of pharmacological and intraaortic 
balloon pump (IABP) support on regional myocar- 
dial blood flow in an experimental model of acute 
myocardial ischemia. Chloralose-anesthetized dogs 
were ventilated with an oxygen-air mixture, and car- 


diac output, arterial pressure, and heart rate were | 


held constant. Treatment was begun 20 minutes fol- 
lowing permanent ligation of the left anterior de- 
scending coronary artery (LAD). We evaluated the 
. following pharmacological interventions: 25% 
hypertonic mannitol, isosorbide dinitrate, methyl- 
prednisolone sodium succinate, and propranolol. 
We measured left ventricular hemodynamics and 
intramyocardial blood flow by the radioactive mi- 
crosphere technique prior to treatment and at 15- 
minute intervals thereafter. 

_ Compared with control measurements 20 minutes 
‘following LAD ligation, collateral blood flow to 
ischemic myocardium tended to decrease with no 
treatment. Treatments with the four pharmacological 
interventions and with IABP alone produced no sig- 
nificant improvement in collateral blood flow to 
ischemic myocardium 15 minutes following treat- 
ment. In contrast, mannitol, isosorbide dinitrate, 
and propranolol, each combined with IABP support, 
produced significant improvements in collateral 
flow within the same time periods. In nonischemic 
myocardium, combined pharmacological and IABP 
treatment did not enhance myocardial blood flow 
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above that obtained with the pharmacological agents 
alone. The most effective combination of mecha- 
nisms for improving the ischemic region’s myocar- 
dial blood flow appeared to be a reduction of extra- 
vascular coronary flow resistance coupled with a 
simultaneous increase in diastolic arterial pressure. 


Indications for treatment of acute ischemic 
heart disease by intraaortic balloon counter- 
pulsation are limited to relatively few condi- 
tions in current clinical practice [1-4]. General 
reluctance to employ this modality for a broader 
range of ischemic myocardial ‘disease states is 
attributed to the fact that whatever beneficial . 
effects balloon counterpulsation has, they ap- 
pear to be temporary [1]. Thus, intraaortic bal- 
loon counterpulsation alone is insufficient ther- 


| apy for definitive treatment of acute ischemic 


episodes, and additional support to limit myo- 
cardial injury must be found [5]. The concept of 
combined pharmacological and mechanical 
support by intraaortic balloon counterpulsation 
has been investigated for several agents: 
hypertonic, mannitol [6], isosorbide dinitrate 
[7], propranolol [8], glucagon [9], and phenyl- 


-ephrine [10]. The hypothesis underlying this 


approach is that combining pharmacological 


and mechanical support for ischemic myocar- 


dium is more effective than either therapy 
alone in terms of one or more criteria of myo- 
cardial protection: (1) increasing oxygen supply 
by increasing collateral blood flow, (2) increas- 
ing washout of metabolic waste products, and 
(3) decreasing oa work and oxygen 
demand. 

The effectiveness of separate and combined 
drug and mechanical support in terms of the 
first criterion, increasing collateral blood flow 


: to ischemic myocardium, has not been thor- 


145 Jett et al: Balloon and Drug Influence on Myocardial Blood Flow 


oughly and systematically evaluated in the 
context of early therapeutic treatment for myo- 
cardial ischemia. That evaluation is the objec- 
tive of this study. Synergism of these two ap- 
proaches might occur by improving transport 
of pharmacological agents into the ischemic 
region by counterpulsation-induced coronary 
flow enhancement or by the pharmacological 
intervention decreasing coronary vascular re- 
sistance, therebv enhancing the effect of me- 
chanical diastolic augmentation on regional 
coronary blood flow. 


Materials and Methods 

Adult dogs weighing 18 to 25 kg were anes- 
thetized with intravenously administered a- 
chloralose (60 mg per kilogram of body weight). 
A cuffed endotracheal tube was inserted, and 
the animals were placed on a Harvard respi- 
rator, using an oxvgen-air mixture that main- 
tained arterial oxygen tension (PaO;) at greater 
than 100 mm Hg. In most experimental groups, 
right heart bypass was utilized. Seven mil- 
limeter cannulae were placed in the venae 
cavae, ligatures were secured, and venous re- 
turn was diverted from the right atrium to a 
Bentley Q-100 bubble oxygenator (9796 oxgyen 
plus 396 carbon dioxide) and Travenol heat ex- 


_ changer (37? + 1°C) and then returned through 


a Sarns 5M6002 occlusive variable-speed roller 
pump to the main pulmonary artery through a 7 
mm cannula passed through the pulmonary 
valve and a right ventricular vent. The flow rate 
into the pulmonary artery was measured by the 
calibrated roller pump. Cardiac output and 
heart rate were kept constant by roller pump 
control (adjusting to prebypass arterial pres- 
sure) and atrial pacing, respectively. When 
right heart bypass was not used, cardiac output 
was kept constant by infusion of isotonic fluid 
and modest constriction of the descending 
thoracic aorta; heart rate again was controlled 
by atrial pacing. Cardiac output was measured 
in this case by dye-dilution technique, using a 
Lyons densitometer-computer (model DCCO-04) 
and 2.5 mg bolus infusions of indocyanine 
green. Hematocrit, PaO;, and arterial carbon di- 
oxide tension and pH were maintained within 
normal limits throughout the experimental 


procedure. Aortic and left atrial pressures 
were measured through short, fluid-filled vinyl 
catheters (inner diameter, 1.7 mm) connected 
to Statham P23 Ia pressure transducers. Left 
ventricular pressure and the maximum rate of 
rise of left ventricular pressure (dP/dtmax) were 
measured using a catheter-tip pressure trans- 
ducer (Millar PC470) inserted through the left 
ventricular apex and secured with a pursestring 
suture. A multichannel recorder (Hewlett- 
Packard 7758B) was used to record all signals. 

The left anterior descending coronary artery 
(LAD) was mobilized proximal to its first 
diagonal branch, and a ligature was placed 
around the vessel. The vessel was perma- 
nently ligated at the desired time; the sub- 
sequent residual blood flow in the dependent 
ischemic region was regarded as collateral flow 
to ischemic myocardium. Regional myocardial 
blood flow was measured using left atrial injec- 
tions of radiolabeled microspheres 8 to 15 p in 
diameter (cerium 141, iodine 125, strontium 85, 
and scandium 46). Our method was described 
previously by Watson and co-workers [6] and is 
based on the original work of Rudolph and 
Heymann [11]. At the conclusion of the experi- 
ment, the heart was removed and the ischemic 
region of the left ventricle was effectively de- 
fined by injecting 0.1 mm of India ink distal to 
the site of ligation of the LAD. The atria, fat, 
and coronary vessels were discarded, and the 
free wall of the left ventricle was separated. A 
“peri-ischemic” region, 10 to 15 mm wide and 
including the ink-stained border, was trimmed. 
Ihe remaining ink-stained tissue mass (10 to 
20 gm) was classified "ischemic"; the 20 to 
40 gm nonstained mass was classified "non- 
ischemic." Each mass was further subdivided 
into subendocardial, subepicardial, and middle 
layers of approximately equal thickness. 

Mean and phasic left ventricular pressures, 
mean and phasic aortic pressures, mean left 
atrial pressure, and dP/dt,,, were measured 
before, during, and following each microsphere 
injection and sampling period. Arterial blood 
gases, hematocrit, hemoglobin, and serum os- 
molality were determined immediately follow- 
ing the sampling period. In some studies, sys- 
tolic and diastolic times were measured from 
aortic pressure recordings, utilizing end- 
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Protocol A 
LAD Drug infusion 
| Ligation 
p—M—M———L—— 
20 35 50 minutes 
Protocol B Intraaortic Balloon 
LAD Drug infusion Counterpulsation 
j Ligation 


20 30-32 40-44 minutes 


Fig 1. Experimental design for protocol A, studying 
drug infusion alone after ligation of the left anterior de- 
scending coronary artery (LAD), and for protocol B, 
studying drug infusion combined with intraaortic bal- 
loon counterpulsation. Microsphere infusions, hemody- 
namic measurements, and blood sampling were per- 
formed at the indicated times. Drugs studied were 25 % 
hypertonic mannitol (7.6 mlimin), isosorbide dinitrate 
(5 mglkg in A, 10 mgikg in B), methylprednisolone 

(40 mglkg), and propranolol (1 mglkg). 


diastolic and dicrotic-notch minima for timing 
references. 

After complete surgical preparation, the ani- 
mal was allowed to reach a stable hemodynamic 
state. One of two protocols was then followed 
(Fig 1). Protocol A was designed to test the 
direct effect of drug administration alone on re- 
gional myocardial blood flow when adminis- 
tered after LAD ligation. A control measure- 
ment set was taken, consisting of microsphere 
infusion, hemodynamics, hematocrit, and os- 
molality determinations. The LAD was perma- 
nently ligated, and 20 minutes later a second 
measurement set was taken. With the ligature 
intact, a specified drug was infused. Mea- 
surements were again taken 15 and 30 minutes 
following drug administration. Protocol B was 
designed to test the effect of drug administra- 
tion combined with counterpulsation on region- 
al myocardial blood flow when administered 
after LAD ligation. Control measurements were 
made, the LAD was permanently ligated, and 
20 minutes later the second measurement set 
was taken. With the ligature intact, the intra- 
aortic balloon pump (IABP) (AVCO model 7) was 
begun simultaneously with drug administra- 
tion. A third measurement set was carried out 
10 to 12 minutes later. Balloon pumping was 
discontinued at that time, and 10 to 12 minutes 
later the measurements were again obtained. 


Protocols A and B were carried out for saline 
solution (no treatment) and for the drugs being 
evaluated (Groups 1 through 5). 

Regional myocardial blood flow 20 minutes 
after LAD ligation was compared with the pre- 
ligation control value. If flow in the ischemic re- 
gion was more than half this control value, the 
study was discarded. Acceptable studies usu- 
ally resulted in an ischemic regional flow less 
than one-third the preligation value. Using this 
criterion, seven or more acceptable studies (ap- 
proximately two-thirds of those performed) 
were collected for each group. Regional myo- 
cardial blood flow after IABP, after drug treat- 
ment, or after both methods was compared 
with the measurement 20 minutes after LAD 
ligation; each animal thereby served as its own 
control. Percent change in myocardial blood 
flow between treatment and 20-minute ligation 
control value was calculated for each animal. 
Differences were examined by Student's f test 
for paired differences and considered statisti- 
cally significant with p « 0.05. Mean absolute 
values and standard errors of the means were 
also calculated for each group. Similar statistical 
calculations were carried out for hemodynam- 
ics, hematocrit, and serum osmolality mea- 
surements. The blood flow data were further 
examined manually for outliers, with emphasis 
on the treatment groups. A few extreme high- . 
and low-flow values were detected, and the 
affected studies were discarded. Six to eight 
acceptable studies remained in each group: 
numbers are listed by group in Table 1. 

GROUP 1. Saline solution was infused after 
20 minutes of LAD ligation in two control 
studies. One study was carried out with and 
one without right heart bypass. These studies 


. ensured that neither the passage of time nor the 


effects of right heart bypass altered regional 
myocardial blood flow or ventricular perfor- 
mance during extended coronary occlusions. 

GROUP 2. Hypertonic mannitol (25%) was 
infused continuously beginning 20 minutes 
after LAD ligation. The rate was 7.6 ml per min- 
ute for the first 15 minutes and 3.8 ml per 
minute thereafter to maintain a stable serum 
osmolality. 

GROUP 3. Isosorbide dinitrate (Isordil sub- 
lingual, Ives) was dissolved in whole blood and 
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Table 1. Collateral Blood Flow to Ischemic Left Ventricle?^ 








Protocol A Protocol B 
Time? | Subendo- Subepi- Time? Subendo- Subepi- 
Group No.* (min) cardium cardium Total* (min) cardium cardium Total® 
Saline 6 0 0.25+0.05 0.26 +0.05 0.26 + 0.04 0 0.17 + 0.03 0.26 £ 0.08 0.24 + 0.05 
15 0.19 + 0.00 0.27 0.06 0.21 + 0.03 12 0.17 £0.04 0.27 £0.08 0.25 + 0.05 
30 0.22 + 0.00  0.31+ 0.05 0.25 + 0.03 24 0.19 +0.06 0.28 + 0.07 0.28 + 0.05! 
Saline! 7 Ü 0.16 + 0.04 0.18+0.04 0.22 + 0.03 
15 0.14 + 0.04 0.18 0.04 0.210 0.03 
30 0.15 + 0.04 0.200 0.04 0.222 0 0.03 
Hypertonic 6 0 0.28 +0.06 | 0.35 +0.08 0.28 + 0.07 0 0.11 +0.03 0.19 £ 0.04 0.19 + 0,03 
mannitol§ 15 0.32 + 0.08 0.39+0.07 0.31 + 0.06 12 0.16 + 0.04 0.28 4 0.05f 0.26 + 0.04‘ 
30 0.30 + 0.06 0.41 + 0.07 0.30 + 0.06 24 0.13 + 0.03 0.22 +0.03 0.21 + 0.03 
Isosorbide 8 0 0.21 + 0.04 0.27+0.04 0.29 + 0.05 0 0.25 + 0.03 030+0.05 0.24 + 0.04 
dinitrate® 15 0.20 + 0.03 0.33 + 0.05 0.31 + 0.05 12 0.28 +0.04 0.39 0.07f 0.30 + 0.05! 
30 0.24 + 0.06 0.36 + 0.08! 0.35 + 0.08! 24 0.26 + 0.05 0.30 + 0.03 0.26 + 0.03 
Methylpred- 8 0 0.20 + 0.03 0.22+0.04 0.18 + 0.02 0 0.19 +0.04 0.19 £003 0.16 + 0.02 
nisolone® 15 0.16 +0.03 0.26 + 0.04! 0.17 + 0.02 25 0.20 + 0.05 | 0.24 £0.05 0.18 + 0.04 
30 0.19 + 0.02 0.30 + 0.04f 0.19 + 0.02 35 0.19 + 0.04 0.22 t 0.04 0.16 + 0.03 
Propranolol 7 0 0.15 + 0.02 0.20 +0.03 0.16 + 0.02 0 0.19 + 0.06 0.23 +0.05 0.19 + 0.05 
15 0.17 + 0.03 0.26 +0.05 0.19 + 0.03 12 0.24 + 0.08! 0.31 +0.07' 0.25 0.07! 
30 0.19 +0.03 0.26 +0.07 0.21 + 0.04! 24 0.25 + 0.09 0.34 + 0.09f 0.28 + 0.08! 


“Blood flow measured in ml/min/gm of tissue. 


"Values expressed as mean + standard error of the mean over n animals. 


*Number of acceptable animal studies in each group. 


"Timing began 20 minutes following ligation of the left anterior descending coronary artery. 


*Subendocardium + subepicardium + midmyocardial layers. 


‘p < 0.05 compared with tissue blood flow 20 minutes after ligation of the left anterior descending coronary artery. The ! test for paired 


differences was used. 
*Right heart bypass not employed. 


infused over a 3-minute period 20 minutes after 
LAD ligation. Five milligrams was used for 
protocol A and 10 mg for protocol B, owing to 
an increased blood volume on right heart 
bypass and in order to stabilize blood concen- 
trations of Isordil. 

GROUP 4. Methylprednisolone sodium suc- 
cinate (Solu-Medrol, Upjohn) was infused (40 
mg/kg) over a 3-minute period 20 minutes after 
LAD ligation in protocol A and 5 minutes after 
LAD ligation in protocol B. Protocol-B timing 
was changed because it was observed that it 
takes at least 30 minutes for Solu-Medrol to af- 
fect myocardial blood flow. 

GROUP 5. Propranolol (Inderal, Ayerst) was 
dissolved in normal saline solution and infused 
(1 mg/kg) over a 3-minute period 30 minutes 
after LAD ligation. 


Results 

Absolute values of regional myocardial blood 
flow for the ischemic left ventricle are pre- 
sented in Table 1. Percent changes of ischemic 
and nonischemic myocardial blood flow are 
presented in Figures 2 and 3, respectively. 


Table 2 lists those hemodynamic measurements 
showing significant change due to treatment. 

GROUP 1A. Collateral flow to ischemic 
myocardium measured at 15 minutes following 
infusion of saline solution tended to decrease, 
but recovered 30 minutes after control mea- 
surements (see Fig 2). The flow decrease was 
observed primarily in subendocardial tissue 
(Fig 4). There were no significant changes in 
systemic or left ventricular hemodynamic mea- 
surements, hematocrit, or osmolality. 

Saline control without right heart bypass 
yielded no change in myocardial blood flow at 
15 and 30 minutes following control mea- 
surements. There were no changes in any he- 
modynamic measurements, hematocrit, or os- 
molality, compared with the 20-minute LAD 
ligation control. 

GROUP 1B. Twelve minutes of counterpulsa- 
tion administered 20 minutes after ligation 
of the LAD did not change ischemic or nonisch- 
emic myocardial blood flow (see Figs 2, 3) nor 
did it change any of the hemodynamic mea- 
surements, hematocrits, or serum osmolalities. 
Aortic diastolic pressure increased in response 


148 The Annals of Thoracic Surgery Vol 31 No 2 February 1981 


--—--4 Drug + IABP 
——--A Drug (IABP off) 


e——e Drug 
120 — Saline Control 


100 








Š 
Jaa 
2 
OÙ 
O "d 
js | 
dE Isosorbide T, 
3. initrat t€ 
q = 29 mee LL | — 
e € ^^ vec t 
PE | 
O O 100 € 
oa ! 
= w 120 rm Methylprednisolone : 

S | 

tts gen Nye Oe m sm a m Ml 8 -—À i i ii l aliia 

2 o 100 i o 
To T 
Ge 
e 


100 





MINUTES AFTER DRUG INFUSION 


Fig 2. The influence of drug infusion alone and com- 
bined with intragortic balloon pumping (LABP) on blood 
flow to ischemic myocardium. Regional myocardial 
blood flow is expressed as a percent of the flow mea- 
sured after 20 minutes of ligation of the left anterior de- 
scending coronary artery, just prior to drug infusion. 
Data for methylprednisolone -- IABP are extended in 
time to reflect early infusion of the drug. (I= standard 
error of the mean; * = p « 0.05.) 


to balloon counterpulsation. Twelve minutes 
after balloon counterpulsation was discontin- 
ued, regional blood flow to ischemic myocar- 
dium had increased 1196 (p « 0.02) compared 
with the control measurements made 20 min- 
utes after ligation. No significant changes in 
nonischemic myocardial blood flow, hemody- 
namic measurements, hematocrit, or serum 
osmolality were noted following cessation of 
balloon pumping. 

GROUP 2A. Hypertonic mannitol infusion 
produced insignificant increases in myocardial 
blood flow to the ischemic and nonischemic re- 
gions 15 minutes following treatment (see Figs 
2-4). Left ventricular end-diastolic pressure 
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Fig 3. The influence of drug infusion alone and com- 
bined with intraaortic balloon pumping (IABP) on blood 
flow to nonischemic myocardium. Regional myocardial 
blood flow is expressed as a percent of the flow mea- 
sured after 20 minutes of ligation of the left anterior de- 
scending coronary artery, just prior to drug treatment. 
The data for methylprednisolone + IABP are extended 
in time, as in Figure 2. (1 = standard error of the mean; 


*=p<0.05.) | 


(LVEDP) tended to decrease (—2296, p < 0.10) 
and dP/dt,,, significantly increased (8% and 
1496, p « 0.05) at 15 and 30 minutes, respectively, 
after mannitol treatment. At the infusion rates 
utilized, serum osmolality was increased by 20 
mOsm (p « 0.05). Mannitol produced a signifi- 
cant decrease in hematocrit, from 43 to 35%, 
after 30 minutes of treatment. 

GROUP 2B. Ten to 12 minutes of IABP com- 
bined with hypertonic mannitol infusion in- 
creased collateral flow to ischemic myocardium 
3396 compared with the control values obtained 
20 minutes after ligation (see Fig 2). Twelve 
minutes after. counterpulsation was discon- 
tinued, collateral flow to ischemic myocardium 


149 Jett et al: Balloon and Drug Influence on Myocardial Blood Flow 


Table 2. Selected Hemodynamic Measurements? 


Group 


1A (saline control) (n = 6) 
20 min after ligation 
15 min after saline 
30 min after saline 
1B (IABP) (n — 6) 
20 min after ligation 
12 min after saline + IABP 
24 min after saline + IABP discon- 
tinued 
2A° (hypertonic mannitol) (n = 6) 
20 min after ligation 
15 min after drug 
30 min after drug 
2B (IABP) (n = 8) 
20 min after ligation 
12 min after drug + IABP 
24 min after drug + IABP discontinued 
3A? (isosorbide dinitrate) (n = 8) 
20 min after ligation 
15 min after drug 
30 min after drug 
3B (ABP) (n = 8) 
20 min after ligation 
12 min after drug + IABP 
24 min after drug + IABP discontinued 
4A” (methylprednisolone) (n = 8) 
20 min after ligation 
15 min after drug 
30 min after drug 
4B (IABP) (n = 7) 
20 min after ligation 
12 min after drug + IABP 
24 min after drug + IABP discontinued 
SA (propranolol) (n = 7) 
20 min after ligation 
15 min after drug 
30 min after drug 
5B (IABP) (n = 8) 
20 min after ligation 
12 min after drug + IABP 
24 min after drug + IABP discontinued 


? Values expressed as mean + standard error of the mean over n animals. 


"Right heart bypass not employed. 


135 + 4 
1M 5 
127 + 6 


77 £3 
82 t3 
7023 


99 t 7 
98 +8 
ISEI 


72 +4 
83 x 4* 
82 + 5° 


95 t5 
95 5:5 
87 5 


87 +2 
95b 
94 + 3° 


B5 t5 
86 +5 
83 * 5 


85 +3 
91 eS" 
87 +.2 


dP'dtmax 
(mm Hg/sec) 


2,042 + 119 
2,083 + 147 
2,175 X 174 


2,067 + 263 
1,908 + 243 
1,908 £ 225 


2,979 + 195 
3,229 + 236° 
3,396 i. 222° 


1,625 + 67 
1,593 + 94 
1,562 + 91 


2,180 + 156 
2,260 + 183 
2,215 + 182 


1,771 & 139 
1,622 + 113 
1,716 + 131 


2,642 + 283 
2,688 + 314 
2,804 + 301 


2,107 + 152 
2,196 + 163 
2,214 + 130 


1,839 + 138 
1,571 + 139° 
1,571 c 112° 


1,719 + 62 
1,484 + 50° 
1,536 + 65° 


HR 
(beats/min) 


170 + 6 
165-20 
172 + 5 


145 £7 
141 +7 
139 t7 


173 + 6 
173 £5 
173 + 4 


131 + 8 
126 + 6 
122 + 6 


142 + 8 
143 + 8 
144 + 8 


144 +6 
144 + 6 
147 + 7 


130 + 8 
126 + 8 
126 + 8 


162 + 4 
162 t5 
163 + 5 


146 + 6 
143 +7 
141 +7 


I95 cb 
153 + 9 
156 + 10 


*p « 0.05 compared with measurements 20 minutes after ligation of the left anterior descending coronary artery. The paired 


t statistic was used. 


MAP = mean arterial pressure; dP/dt,4, = maximum rate of rise of left ventricular pressure; HR = heart rate; n = number 
of acceptable animal studies in each group; IABP — intraaortic balloon pumping. 
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Fig 4. Influence of drug treatment alone, intraaortic 
balloon pumping alone (IABP), and the combination of 
the two on the distribution of blood flow to the inner 
(subendocardial) and outer (subepicardial) ischemic left 
ventricular wall, 15 minutes following treatment. The 
data for methylprednisolone + IABP are extended in 
time, as in Figure 2. (1 = standard error of the mean; 
*—p«x«0.05.) 


had decreased compared with the combined 
treatment, and did not differ from blood flow 
enhancement due to mannitol treatment alone. 
A significant increase in ischemic subepicardial 
blood flow was observed; the subendocardial 
flow tended to increase (see Fig 4). In nonisch- 
emic myocardium, IABP and mannitol infu- 
sion significantly increased myocardial blood 
flow to all regions (see Fig 3). Diastolic arterial 
pressure was significantly increased by the 
combination of IABP and mannitol. As with the 
mannitol-only group, serum osmolality was 
significantly increased by 20 mOsm. All other 
measurements were unchanged by this treat- 
ment. 

GROUP 3A. 


Collateral blood flow  im- 


provements with isosorbide dinitrate were 
more moderate and occurred later than with 
mannitol (see Fig 2). The flow improvement 
was found in the subepicardial region primar- 
ily. Myocardial blood flow to nonischemic left 
ventricle also increased after treatment (see Fig 
3). Hemodynamic measurements, hematocrit, 
and serum osmolality were unchanged by 
treatment with isosorbide dinitrate. A transient 
reduction in mean arterial pressure occurred 
shortly following the administration of the 
drug. However, this effect had disappeared by 
the time of the next myocardial flow measure- 
ment, either spontaneously or as the result of 
modest constriction of the descending thoracic 
aorta. 

GROUP 3B. The combination of 12 minutes of 
balloon counterpulsation and infusion of iso- 
sorbide dinitrate significantly increased collat- 
eral blood flow 2596, an improvement over the 
effect of the drug alone. Ischemic subepicardial 
blood flow increased significantly, while sub- 
endocardial blood flow was unchanged (see Fig 
4) The LVEDP, dP/dt,,, hematocrit, and 
serum osmolality were not significantly altered 
by this treatment. Mean arterial pressure in- 
creased significantly with this combined treat- 
ment; after cessation of IABP, the pressure de- 
clined but did not reach the values measured 
before balloon support. 

GROUP 4A. Ischemic myocardial blood flow 
did not change 15 and 30 minutes after treat- 
ment with methylprednisolone sodium succi- 


nate. Progressive, significant improvement in 


subepicardial flow was noted but ischemic sub- 


endocardial flow did not improve at either time 


(see Fig 4). Nonischemic myocardial blood flow 
increased significantly by 30 minutes following 
drug treatment, with particular improvement in 
subepicardial blood flow. Transient alterations 
in hemodynamic measurements were observed 
immediately following treatment. These re- 
covered spontaneously or with slight adjust- 
ments of mean arterial pressure (aortic con- 
striction) by protocol measurement time. 
GROUP 4B. Blood flow to the ischemic region 
was not improved by the 12 minutes of com- 
bined treatment or by the delayed action of 
infusion of methylprednisolone sodium succi- 
nate. Nonischemic myocardial blood flow in- 
creased significantly, weighted primarily to the 


151 Jett et al: Balloon and Drug Influence on Myocardial Blood Flow 


subepicardial region. Mean arterial pressure in- 
creased 996 (p « 0.05) with the combined treat- 
ment and remained elevated 12 minutes after 
cessation of balloon pumping. The other mea- 
surements were unchanged. 

GROUP 5A. Propranolol treatment increased 
ischemic and nonischemic myocardial blood 
flow 30 minutes after infusion due primarily to 
improvement of subepicardial blood flow (see 
Figs 2, 3). The dF/dtmax decreased 14% (p < 
0.005) at both 15 and 30 minutes after pro- 
pranolol treatment. Heart rate did not change 
after infusion of propranolol (due to atrial pac- 
ing) but systolic interval increased 796 (p « 
0.05) at the expense of diastolic interval. All 
other measurements were unaffected by pro- 
pranolol. 

GROUP 5B. Propranolol infusion with IABP 
significantly increased collateral coronary blood 
flow to ischemic myocardium (3696, p « 0.05) 
(see Fig 2). Ischemic subendocardial blood flow 
increased 3896 (p « 0.05) with combined treat- 
ment and subepicardial blood flow increased 
4396 (p « 0.01) (see Fig 4). As with the other 
studies, ischemic and nonischemic region flows 
returned, in general, to the drug-only, elevated 
values after IABP was stopped. Mean arterial 
pressure increased slightly but significantly 
with combined treatment, but returned to the 
control value when balloon pumping was dis- 
continued. The decrease in dP/dt,,, seen with 
propranolol alone was also evident with com- 
bined treatment (—1496, p < 0.01). Systolic 
interval was also increased 796.(p < 0.05) with 
combined treatment. 


Comment 

The physiological effectiveness of intraaortic 
balloon counterpulsation has been attributed 
to decrease of left ventricular ejection imped- 
ance, which reduces left ventricular wall ten- 
sion and myocardial oxygen demand, and 
to augmentation of diastolic arterial pressure, 
which increases coronary blood flow and myo- 
cardial oxygen supply [12, 13]. Coronary flow 
enhancement is dependent on the basal car- 
diovascular state. Powell and colleagues [12] 
observed that IABP had no effect on coronary 
blood flow in a nonischemic, normotensive 
state, whereas the same treatment in a hypoten- 
sive state produced a significant increase in 


coronary flow. The duration of ischemia prior 
to iniBation of counterpulsation affects the 
myocardial flow results. Institution of balloon 
counterpulsation at the same time as coronary 
artery ligation increases collateral myocardial 
flow [14]. This study shows that collateral flow 
is not improved when counterpulsation is de- 
layed 20 minutes. 

Hypertonic mannitol, in doses sufficient to 


increase serum osmolality by 30 mOsm per liter 


or greater, increases regional blood flow to 
ischemic and nonischemic myocardium in both 
conscious and anesthetized animals when 
given before or soon after ligation of the coro- 
nary artery [6]. The increase in coronary blood 
flow effected by mannitol is relatively short- 
lived [15]. The present studies demonstrate that 
lesser increases in serum osmolality, approxi- 
mately 20 mOsm per liter, may also increase 
ischemic and nonischemic regional flow, al- 
though these increases have been less consis- 
tent than those noted at the higher osmolality. 
Intraaortic balloon counterpulsation and 
hypertonic mannitol increase collateral blood 
flow over and above the change effected by 
either treatment alone. The major improvement 
in ischemic regional flow is to the subepi- 
cardium. Two effects of the combined treat- 
ment may explain our findings (Table 3): 
IABP-induced diastolic augmentation and 
mannitol-induced reduction in coronary flow 
resistance. The transmembrane osmolality gra- 
dient produced by hypertonic mannitol ‘may 
have a direct effect on vascular smooth muscle, 
thus reducing intravascular flow resistance [16]. 
A decrease of coronary extravascular resistance 
may follow from reduction of endothelial cell or 
interstitial cell swelling after ligation [17]. 
However, mannitol may increase contractility, 
Opposing its beneficial action on extravascular 
flow resistance and oxygen demand. 

Our studies indicate that isosorbide dinitrate 
increases ischemic and nonischemic regional 
flow when administered after coronary artery 
ligation. As with mannitol, the improvement is 
weighted to the subepicardium. When isosor- 
bide dinitrate was combined with IABP, isch- 
emic myocardial flow was significantly in- 
creased, the major effect again being seen in 
the subepicardium. Other studies have shown 
little improvement in ischemic myocardial in- 
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Table 3. Synergistic Mechanisms for Enhancement of Collateral Coronary Blood Flow 


Diastolic Intravascular Extravascular 

Treatment Augmentation Flow Resistance Flow Resistance 
IABP . $ NC NC 
Hypertonic mannitol NC = — (edema) 

+ (contractility) 
Isosorbide dinitrate NC - NC 
Methylprednisolone sodium succinate NC m — (edema) 
Propranolol NC + — (contractility) 
IABP = intraortic balloon pump; + = increase in augmentation or resistance; NC = no effect; — = decrease in resistance. 


jury [18] or in hemodynamics [7, 19] when cir- 
culatory assistance combined with vasodila- 
tor treatment was compared with vasodilator 
treatment alone. Since our studies were carried 
out at constant heart rate and cardiac output, 
the secondary effect of nitrate administration 
on coronary vasculature, through alteration of 
systemic hemodynamics, would not modify its 
primary effect [20]. 

By 30 minutes following administration, 
methylprednisolone sodium succinate pro- 
duced no increase in ischemic myocardial blood 
flow; 60 minutes after administration, it pro- 
duced a significant increase in ischemic myo- 
cardial blood flow [21]. The improvement may 
be due to a direct effect on coronary intravas- 
cular resistance; it may be caused indirectly 
by reduction of cell swelling (see Table 3). 
However, within the 30-minute framework of 
applied therapy, IABP combined with methyl- 


prednisolone sodium succinate offers no ad- . 


vantage over the other tested combinations. 
Variable effects on coronary blood flow have 
been observed with propranolol. Most studies 
demonstrate that propranolol either reduces re- 
gional myocardial blood flow [22] or causes a 
flow redistribution to ischemic subendocar- 
dium [23]. In closed-chest sedated dogs, pro- 
pranolol has been observed to increase ischemic 
zone myocardial blood flow [24]. It has been 
suggested that propranolol has a primary effect 
on the coronary vasculature [25] by unmasking 
coronary & receptors, resulting in vasoconstric- 
tion (see Table 3). Secondary coronary vascular 
actions of propranolol due to beta blockade 
have been suggested: by autoregulation of 
coronary vasculature through a decrease in 
: myocardial oxygen consumption [26] and by 
modification of cardiovascular hemodynamics, 


by virtue of a reduction in heart rate with in- 
creased diastolic interval [27]. Recent evidence 
suggests propranolol pretreatment does not 
improve intramyocardial oxygen tension, but 
does reduce elevation of intramyocardial car- 
bon dioxide tension during acute myocardial 
ischemia [28]. Thus, improvement in oxygen 
tension in the ischemic region with propranolol 
may be insufficient for effective oxygen-de- 
pendent coronary autoregulation. 

Our data suggest that enhancement of collat- 
eral coronary blood flow under ischemic condi- 


tions cannot be explained by an increased 


diastolic time interval, since this was decreased 
in both propranolol studies. Buckberg and 
Kattus [29] suggested that subendocardium is 
perfused only during diastole under nonisch- 
emic conditions. Thus, a systolic contribu- 
tion to regional myocardial blood flow may 
become important during ischemia. 
Propranolol may reduce systolic coronary ex- 
travascular resistance by reduction of myocar- 
dial wall tension. Raff and colleagues [30] 
studied the effects of heart rate, LVEDP, and 
dP/dtmax on coronary extravascular resistance in 
dogs previously maximally vasodilated with 
adenosine. The establishment of maximal vaso- 
dilatation simulated the status of the coro- 
nary vasculature during myocardial ischemia, 
although the rate of pressure development and 
magnitude of regional myocardial blood flow 
were much higher than during ischemia. They 
found that flow resistance created by extravas- 
cular compression was sensitive to LVEDP and 
dP/dtmax during systole, but was insensitive to 
these variables during diastole. We observed 
that propranolol increased systolic time interval 
and decreased dP/dt,,., in connection with im- 
provement in ischemic regional blood flow, 


— 
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conditions that decreased extravascular coro- 
nary flow resistance in the study of Raff and 
associates [30]. 

Although the percentage improvements in 
collateral coronary flow with these combined 
therapies are impressive, the absolute values of 
flow improvement in the ischemic region are 
small. However, these improvements may be 
directly proportional to increases in myocardial 
oxygen supply. In a clinical context, the nega- 
tive chronotropic effect of propranolol would 
not be blocked and indeed would be desired. 
Heart rate reduction might conceivably reduce 
the beneficial effect of flow resistance reduction 
with propranolol. We chose to keep heart rate, 
cardiac output, and mean arterial pressure con- 
stant in this study in order to quantify the ef- 
fects of the pharmacological interventions on 


the coronary circulation, independent of their | 


hemodynamic effects. Changes in systemic 
hemodynamics may be expected to modify the 
coronary collateral flow results and, in particular, 
to modify the myocardial oxygen mass balance. 
Study of these functions is currently in progress. 

Our results indicate that intraaortic bal- 
loon counterpulsation can improve regional my- 
ocardial blood flow when combined with cer- 
tain pharmacological agents. The mechanisms 
that might contribute to the improvement in 
regional myocardial flow are summarized in 
Table 3. In our study, hypertonic mannitol and 
propranolol when combined with counterpul- 
sation were the more effective agents in short- 
term improvement of ischemic regional myocar- 


. dial blood flow. Mannitol's effectiveness may 


be attributed to reduction of coronary intravas- 
cular flow resistance, with competing actions 
(edema reduction and contractility increase) 
blunting its effect on coronary extravascular 
flow resistance. Propranolol’s beneficial flow 
effect may result from a reduction of coronary 
extravascular flow resistance, derived from a 
reduction in contractility. The ability of balloon 
counterpulsation to stabilize arterial pressure 
may be helpful in combined balloon-propran- 
olol treatments. With regard to myocardial 
protection, the most impressive combination 
of treatments was propranolol and IABP, which 
according to our results not only increased 
blood supply to ischemic myocardium, but also 
reduced oxygen demand. 


In summary, the present study suggests the 
following: 


1. Intraaortic balloon counterpulsation alone is 
ineffective in altering regional myocardial 
blood flow when instituted 20 minutes after 
coronary ligation. 

2. Counterpulsation combined with hypertonic 
mannitol increases collateral coronary blood 
flow to ischemic myocardium over and 
above the change effected by either inter- 
vention alone. 

3. Counterpulsation combined with isosorbide 
dinitrate administration provides an earlier 
increase in collateral blood flow to ischemic 
myocardium but offers no advantage, in 
magnitude of response, over that observed 
with isosorbide dinitrate administration 
alone. 

4. Counterpulsation combined with methyl- 
prednisolone sodium succinate administra- 
tion offers no advantage over either inter- 
vention alone in their effect on regional 
myocardial blood flow; however, mea- 
surements of blood flow were made prior to 
the onset of peak effect of methylpred- 
nisolone on coronary blood flow. 

5. Counterpulsation combined with propran- 
olol increases collateral blood flow to isch- 
emic myocardium including improvement 
in subendocardial flow. 


In this study, the most effective combination 
of mechanisms for improving ischemic regional 
myocardial blood flow appeared to be a reduc- 
tion of extravascular coronary flow resistance 
coupled with a simultaneous increase in dias- 
tolic arterial pressure. 
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Programalith 6 is — 
the full six -parameter 
interrogatable, programmable 
pacemaker. In conjunction with 
the Programmer, Programalith 6 
provides the physician with 

the means for comprehensive 
paced-patient management 
while obviating many common 
reasons for invasive pacing 
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For less critical] EMEND 
applications, Programalith 3 
provides the physician with 
the same basic interrogation 
capabilities as Programalith 6, 
as well as three programming 
functions -pacing rate, pulse 
width and sensitivity - all with 
multiple options. 


Only after you have reached the ultimate in sophistication can you truly simplify. 

This new 6-3-1-0 family of Programalith® Interrogatable™ pacemakers is ideal 
demonstration of that fact. It is the most flexible system ever offered the physician. - 
Even the simplest of these four pulse generators offers the all-important Pacesetter — 

exclusive: a simple method of calculating years of remaining battery capacity 

as well as an accurate determination of possible problems and their location, 

through measurement by interrogation of lead and heart interface impedance, 
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battery impedance and battery current. Part of the 
flexibility of this new system derives from the 

A complete integration of all units with the one single 
programmer the physician will ever need - 
the one Pacesetter supplies to you with the first 
implant of any one of these pacers. 
No wonder they call us Pacesetter. 
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of Travenol's new cardiotomy reservoir 
is a uniquely designed filter: 


It's the only integrated, three-stage, graded-density depth filter plus multimedia defoaming system available 

in a cardiotomy reservoir. The three layers trap microparticulates, not just on the initial surface, which can cause 
early occlusion, but throughout the filter media. Each layer increases in density in the direction of blood flow, 
filtering microparticulates down through 20g. This greatly extends filter capacity, and permits high flow rates 

—up to 6 liters/minute -by providing countless pathways through which blood may flow. A multimedia defoaming 
system surrounds the filter: a polyurethane sleeve defoams large volumes of blood, while a six-layer 


polypropylene screen efficiently vents the released air. 


















Indications S is Nea 

The TRAVENOL® Cardiotomy Reservoir is designed to be used with a pump-oxygenator system 
during cardiopulmonary bypass to defoam blood and to reduce the amount of micro and macro 
particulates in blood returned to the system by suction. It may also be used to store excess 
volume in the system. 

Warnings 

Removal of tubing from the reservoir once installed on barbed fittings is not recommended. If it 
becomes necessary to remove tubing, be careful not to bend or break the barbed fitting. 

Do not use alcohol on ports. Alcohol may cause fracture of the ports. 

Occluding of vent port (red) should be avoided when used with blood return to Cardiotomy 
Reservoir via roller pump (see directions for use). Air pressure can build up in the reservoir when 
all air outlets are sealed. Excessive air pressure in the reservoir could cause air to be forced 
through a suction device or the drain line. 

When using a rapid prime set (e.g., code 5M1450), open vent cap to allow adequate venting 
during priming. 

Pressure inside reservoir should not exceed 750 mm Hg. Red vent cap may open spontaneously 
before this pressure is reached. Internal filter pressure should not exceed 200 mm Hg. Do not 
apply a vacuum greater than 150 mm Hg. 

When using blood return to Cardiotomy Reservoir via vacuum (see directions for use), drain line 
must be occluded. Failure to occlude drain line while there is a negative pressure inside the 


- Jod i 
M ona 


How the graded- density 
depth filter provides 
high filtration capacity: 


As blood flows from inside the filter outward, 
microparticulates and microaggregates are trapped 


throughout its depth. The larger 
particles generally are trapped 
in the inner, more open layers 
while the denser, outer 
layers efficiently remove 
smaller particles. 
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ird via the outermost defoamer sleeve. Large frontal surface 


reservoir may cause blood to be drawn from the oxygenator circuit into the reservoir. 

When using blood return to Cardiotomy Reservoir via vacuum, any ventricular vent line should 
be placed in a fully occluded roller pump for controlled volume venting. 

indiscriminate use of blood suction devices (suction at high rates and suction of air) produces 
blood trauma and results in damage and alteration of blood components. Care must be taken 
to operate the suction device at the lowest practical rate and to draw the minimum amount of 
air through the suction line. The level of vacuum should not exceed 150 mm Hg during vacuum 
operation in order to minimize blood trauma. Use of blood suction devices should be limited 
where possible. 

Do not allow blood level to exceed maximum indicated in reservoir during use. 
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A. Comparison of the Penetration Characteristics 


of Cephapirin and Cephalothin into Right Atrial Appendage, 


Muscle, Fat, and Pericardial Fluid of Pediatric Patients 
Undergoing Open-Heart Operation 


E. R. Green, Pharm.D., S. Subramanian, M.D., H. Faden, M.D., 
R. Quintiliani, M.D., and C. H. Nightingale, Ph.D. 


ABSTRACT  Thirty-two pediatric patients having 
open-heart operation received a single dose of either 
cephalothin or cephapirin intravenously, 30 mg per 
kilogram of body weight, in the operating room, 
for prophylaxis before the chest cavity was opened. 
Samples of right atrial appendage, pericardial fluid, 
muscle, fat, and plasma were obtained at various 
time intervals after injection of the antibiotics, and 
assayed for cephalosporin concentration. 

The concentration-time profiles of cephalothin 
and cephapirin in atrial appendage, muscle, fat, and 
plasma were identical. Cephapirin produced higher 
total and free concentrations in pericardial fluid 
compared with cephalothin. This presumably was 
due to the lower protein binding of cephapirin. 
Antibiotic concentrations above the minimal in- 
hibitory concentration for Staphylococcus aureus and 
S. epidermidis were present in myocardial tissue for 
at least 90 minutes after the dose was administered. 

These data support the need to administer these 
antibiotics shortly before surgical intervention and, 
if the operation is prolonged, the need to administer 
a second dose of antibiotic. 


Prophylactic administration of antibiotics to 
eliminate or decrease the incidence of post- 
operative infections in patients undergoing 
open-heart operation is a common and accepted 
practice [1-4]. The cephalosporins are a logical 
choice for such prophylaxis because they are 
active against Staphylococcus aureus and S. epi- 
dermidis, the organisms implicated in more than 
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90% of infections following implant operation 
[5-8]. Of recent concern has been the increasing 
frequency (about 1096) of methicillin-resistant 
S. epidermidis that displays cross-resistance to 
the cephalosporins [9]. 

To provide protection during an operative 
procedure, the antibiotic theoretically must 
reach tissue concentrations greater than the 
minimal inhibitory concentration of the anti- 
biotic for the suspected pathogen and remain at 
this level for the duration of the operation. This 
report examines the penetration characteristics 
of two cephalosporin antibiotics, cephalothin 
and cephapirin, into the right atrial appendage, 
pericardial fluid, skeletal muscle, and fat of 
pediatric patients undergoing open-heart oper- 
ation. The goal was to obtain information on 
the most appropriate time to administer these 
drugs to ensure adequate intraoperative levels. 


Materials and Methods 
Thirty-two pediatric patients undergoing 
open-heart operation were used in this study. 
They ranged from 2 to 18 years old (mean age, 
6.9 years). Each patient underwent a complete 
history and physical examination including the 
following laboratory tests: complete blood 
count, urinalysis, blood urea nitrogen, serum 
transaminases, alkaline phosphatase, total bili- 
rubin, and serum creatinine. Patients having 
known sensitivity to penicillins or cephalo- 
sporins were excluded, as were those patients 
taking antibiotics prior to operation. 

Patients were randomly assigned to receive 
either a single dose of cephalothin* or cephapi- 
rin! 30 mg per kilogram of body weight 


"Neutral Keflin, 1 gm, Lot #IJS 05A; Eli Lilly & Co, In- 
dianapolis, IN. 

*Cefadyl, 1 gm, Lot #D7T03; Bristol Laboratories, Syracuse, 
NY. 
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(maximum, 2 gm), in the operating room before 
the chest cavity was opened. All antibiotics 
were given by rapid intravenous injection (less 
than 5 minutes) at various times (12 to 93 min- 
utes) prior to the removal of the right atrial ap- 
pendage. Immediately after the pericardium 
was opened, a 1 ml sample of pericardial fluid 
was collected. Shortly thereafter, a 3 ml blood 
sample was obtained and at the time of heart 
cannulation, a right atrial appendage tissue 
specimen was obtained. 

Samples of skeletal muscle and fat were also 
obtained from the incision site. A final 3 ml 
blood sample was obtained just before the pa- 
tient was taken off cardiopulmonary bypass. 
The times of drug administration and sample 
collection were carefully noted. 

Heparinized blood samples were immedi- 
ately placed on ice and centrifuged. The plasma 
was decanted and frozen at —80°C until anal- 
yzed. Atrial appendage, skeletal muscle, and 
fat tissue samples were frozen immediately 
in liquid nitrogen and stored along with the 
pericardial fluid at —80°C until analyzed. 

Antibiotic concentrations were determined 
by the disc diffusion method using Bacillus sub- 
tilus (ATCC6633) as the test organism. All 
plasma samples were diluted with an equal 
volume of acetone, assayed in Bacto-Antibiotic 
Medium 1, and incubated at 39°C for six hours. 
Zone diameters were measured on a Fisher- 
Lilly zone reader to the nearest 0.1 mm and 
compared with standards prepared in a 5096 
buffer-acetone solution at pH 7.2. Previous ex- 
periments revealed that standards prepared in 
50% plasma-acetone solutions were identical to 
those prepared in 50% buffer-acetone solution. 
All data were corrected for dilution effects. 

Each tissue sample was divided in half. The 
first half was rinsed with normal saline solution 
to remove adhering surface blood. The tissue 
was blotted dry, weighed, and rapidly ho- 
mogenized in an ice-jacketed, hand homoge- 
nizer in phosphate buffer so that the total 
volume was 1.4 ml. The homogenization was 
completed within 5 minutes. The homogenate 
was centrifuged at 43,000 x g for 20 minutes 
at 4°C. Three 20-4] supernatant samples were 
assayed microbiologically and compared with 
standards prepared in phosphate buffer. All 


supernatant samples were corrected for di- 
lution effects. Excess drug concentration due to 
blood contamination was measured by the 
methods of Lowry and Hastings [10] and was 
found to be less than 3% of the measured 
total tissue levels. This amount of contamina- 
tion was thought to be negligible. 

The second half of the tissue sample was 
rinsed, blotted dry, and weighed. This tissue 
was used to determine drug recoveries em- 
ploying the “spike” technique as described by 
Cunha and associates [11]. All data were cor- 
rected for these recovery values. 

Pericardial fluids were analyzed for free (un- 
bound) and total drug. For the measurement of 
total-drug levels, a portion of the pericardial 
fluid sample was mixed with an equal volume 
of acetone, and centrifuged at 4°C. The super- 
natant was measured microbiologically against 
a 50% acetone-phosphate standard. All assays 
were performed in triplicate and corrected for 
dilution effects. 

Analysis of pericardial fluid for free-drug 
concentrations involved a separation using an 
ultrafiltration technique [12]. The filtrate, con- 
taining unbound drug, was assayed micro- 
biologically [13] and compared with a standard 
prepared in phosphate buffer. 


Results 

As shown in Figure 1, plasma concentrations of 
cephapirin and cephalothin were indistin- 
guishable and the drugs were eliminated in a 
bi-exponential fashion. The terminal portion of 
the curve is composed of samples obtained after 
the patients had been weaned from cardiopul- 
monary bypass. The initial (before bypass) 
half-life was 19.4 minutes while the terminal 
half-life was 66.3 minutes as determined by 
linear regression analysis. 

As shown in Figures 2, 3, and 4, which record 
the tissue concentrations as a function of time, 
the tissue half-lives for cephalothin and cepha- 
pirin were identical. Half-lives, as determined 
by linear regression analysis, were 27, 25, 
and 31 minutes in atrial appendage (see Fig 2), 
fat (see Fig 3), and muscle (see Fig 4) tissues, 
respectively. 

Figure 5 shows the total and Figure 6 the free 
(unbound) concentrations of cephapirin and 
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Fig 1. Plasma concentrations of cephalothin and 
cephapirin following a single, rapid intravenous injec- 
tion of 30 mg per kilogram of body weight. 


cephalothin in pericardial fluid as a function of 
time. Because these data were obtained within 
an hour of the administration of the drug, they 
represent only the initial upswing and peak 
area of the pericardial fluid concentration-time 
curves. Therefore, they cannot be fit to a phar- 
macokinetic model, and the lines through the 
points were drawn by eye to help clarify the 
data. It can be seen that cephapirin consistently 
produced higher total and free concentrations 
compared with cephalothin. 

The percentages of drug bound in pericardial 
fluid were 36.7 + 10.7% and 79.6 + 5.7% for 
cephapirin and cephalothin, respectively. This 
difference was significant at the 95% confi- 
dence level using the Student t test. 


Comment 

The results of this experiment indicate that dif- 
ferences can be observed between cephalothin 
and cephapirin in pediatric patients undergo- 
ing open-heart operation. These differences are 
found with respect to protein binding and con- 
centrations of free (unbound) and total drug in 
pericardial fluid. Literature values for the extent 


50 





CONCENTRATION (4g/gm) 


@ CEPHALOTHIN 


A CEPHAPIRIN 


4 NO CEPHALOTHIN DETECTED 





20 40 60 
TIME (MINUTES) 


Fig 2. Atrial appendage concentrations of cephalothin 
and cephapirin following a single, rapid intravenous 
injection of 30 mg per kilogram of body weight. 


of drug binding to serum albumin in adults 
range from 44 to 50% for cephapirin and 65% 
for cephalothin [14]. Our results of 36.7 + 
10.7% for cephapirin and 79.6 + 5.7% for 
cephalothin in pericardial fluid are consis- 
tent with this trend. Presumably, the lower 
protein-binding of cephapirin in blood yields 
greater concentrations of free drug available for 
transfer into pericardial fluid. This was ob- 
served in the present study (see Figs 5, 6). 
Whether the degree of penetration into pericar- 
dial fluid of cephapirin compared with ceph- 
alothin produces a greater therapeutic advan- 
tage is uncertain since the concentrations 
achieved by both antibiotics are appreciably 
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Fig 3. Fat concentrations of cephalothin and cephapirin 
following a single, rapid intravenous injection of 30 mg 
per kilogram of body weight. 


above the average minimal inhibiting concen- 
trations (0.2 ug per milliliter) [15] for these 

antibiotics against S. aureus and S. epidermidis. 
| The concentration-time profiles of cephapirin 
and cephalothin in muscle, fat, atrial appen- 
dage, and plasma were identical. The cepha- 
lothin atrial appendage concentrations (see 
Fig 2) ranged from approximately 8 to 50 
mg per kilogram at various times after admin- 
istration. These values are higher than those 
reported by Archer and associates [16] in a 
similar study comparing cephalothin and cefa- 


mandole serum and tissue concentrations during : 


open-heart operation. This is to be expected, 
however, since in the present investigation, 
cephalothin was administered by rapid intra- 
venous bolus in a dose of 30 mg per kilogram 
while Archer and co-workers [16] employed 
a dose of 20 mg per kilogram administered 
intramuscularly. The intramuscular route is 
known to produce lower blood concentrations 
compared with intravenous administration, 
usually resulting in lower tissue concentrations. 
The initial -plasma half-life of 19.4 minutes was 
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Fig 4, Muscle concentrations of cephalothin and 
cephapirin following a single, rapid intravenous injec- 
tion of 30 mg per kilogram of body weight. 


similar to that found by Rolewicz and associ- 
ates [17] for cephalothin in children. In their 
study, the terminal portion of the plasma 
concentration-time curve was composed of 


. samples obtained near the end of the surgical 


procedures. Prolongation of plasma half-lives 
for drugs like cephalothin and cephapirin, which 
are metabolized as well as excreted by the kid- 
neys, is expected under these conditions, since 
blood flow is altered by anesthetic agents and 
possibly the efficiency of the cardiopulmonary 
pump. This observation confirms the work of 
Carter and associates [18] who found that the 
mean half-life of cephalothin during cardiac 
operation in adults (49 minutes) was longer 
than that found in the preoperative period, and 


the work of Williams and Steele [19] and Archer 


and associates [16] who demonstrated that 
cephalothin elimination was markedly reduced 
after patients were placed on cardiopulmo- 
nary bypass. Even under these conditions, the. 
present study confirms that both agents yield 
identical plasma pharmocokinetic profiles. 
‘The assay recovery values for tissue samples 
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Fig 5. Total pericardial fluid concentrations of cepha- 
lothin and cephapirin following a single, rapid intra- 
venous injection of 30 mg per kilogram of body weight. 


are worthy of comment. The recovery of cephapi- 
rin in atrial appendage was 69.5% while the re- 
covery of cephalothin was unusually low at 
37.1%. This reflects the unstable nature of 
cephalothin in myocardial tissue and is prob- 
ably a major cause of fluctuation in the data. 
The results of this study are similar to those 
observed with the same cephalosporin anti- 
biotics in adult patients [20], and support the 
need for prophylactic administration shortly 
before or during the operative procedure to en- 
sure adequate tissue levels of antibiotics. This 
concept has been confirmed clinically in adult 
patients in a double-blind study in which it 
was found that a single 1-gm dose of ceph- 
alothin during operation was as effective in 
preventing infection as a similar dose in- 
traoperatively plus twenty 1-gm doses of 
cephalothin preoperatively and postoperatively 


[6]. 
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Fig 6. Free pericardial fluid levels of cephalothin and 
cephapirin following a single, rapid intravenous injec- 
Hon of 30 mg per kilogram of body weight. 


At present, no clinical data comparing the ef- 
ficacy of various prophylactic antibiotic regi- 
mens exist for the pediatric population under- 
going open-heart operation. It is our opinion, 
however, that a dose of either cephalothin or 
cephapirin, 30 mg per kilogram, approximately 
30 minutes prior to surgical intervention in the 
myocardium will provide antibiotic concen- 
trations well above the minimal inhibitory con- 
centration for S. aureus and S. epidermidis for at 
least 90 minutes after its administration. If tis- 
sue concentrations are required for longer 
periods of time, an additional intraoperative 
dose of these short-acting cephalosporins is re- 
quired. 
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ABSTRACT 
tralization were monitored by three different tech- 


Heparin anticoagulation and its neu- 


niques: a manual protamine titration, an automated 
activated coagulation time, and an automated prot- 
amine titration. All three techniques provided satis- 
factory information. The decision of which to use 
must be based on other considerations such as 
available manpower and cost of equipment. 

The effect of using the automated protamine ti- 
tration test on heparin and protamine requirements, 
and on blood loss measured intraoperatively after 
bypass and in overnight chest bottle drainage in two 
groups of comparable patients undergoing coronary 
artery bypass operation was studied. The heparin 
requirements were similar (24,420 + 584 units, con- 
trol group; 23,550 + 849 units, treatment group), but 
the protamine requirements were markedly different 
(429 + 14.7 mg, control; 258 + 10.4 mg, treatment; p 
« 0.05). There was no statistical difference in in- 
traoperative blood loss or overnight chest bottle 
drainage. 


The administration of heparin to the point of 
total hemostatic paralysis is essential to the safe 
conduct of cardiopulmonary bypass. At the 
conclusion of bypass, the residual heparin must 
be neutralized to achieve effective hemostasis. 
Two important steps to ensure the adequacy of 
hemostasis after bypass are to confirm adequate 
anticoagulation during bypass, which means 
that platelets and clotting factors essential for 
hemostasis after bypass are not consumed, and 
to ascertain that heparin is adequately neu- 
tralized following bypass. While there is no 
universally accepted heparin level or test of 
adequate anticoagulation during cardiopulmo- 
nary bypass, it has been our practice to keep 
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heparin levels in the range of 2 units per milli- 
liter or greater [1]. 

The introduction in recent years of automated 
techniques to monitor heparin therapy and its 
neutralization with protamine has greatly 
facilitated these two steps. This paper will 
compare three methods of monitoring heparin 
therapy: (1) manual protamine titration [1]; (2) 
an automated activated coagulation time (ACT), 
Hemochron* [2]; and (3) an automated pro- 
tamine titration, Hepcon* [3]. This paper also 
will report the effect of using the new auto- 
mated protamine titration on protamine re- 
quirements and blood loss. 


Tests for Monitoring Heparin Therapy 

Ideal Operating-Room Monitor 

We consider the following six characteristics 
desirable in an operating-room monitor of anti- 
coagulation. 


1. Only simple maneuvers are necessary to 
obtain reproducible results. 

2. Minimum equipment, which is compact, in- 
expensive, and operates quietly, is neces- 
sary. 

3. Result is available quickly, even with ab- 
normally prolonged time. 

4. Test is performed on whole blood rather 
than plasma. 

5. Test reagents are stable indefinitely. 

6. Test must not require prolonged attention 
away from operator's usual duties. 


The need to obtain results quickly has 
prompted us to use tests utilizing whole blood 
rather than plasma. In this way, we save a step 
by not centrifuging the blood to obtain plasma. 
An example of the value of obtaining a result 
quickly is that it provides a reasonable response 
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time. The automated ACT gives results much 
faster than the whole blood coagulation time 
(WBCT). The following formula describes the 
relationship between the automated ACT and 
WBCT: 


WBCT (min) = (ACT [sec]/2.5) — 45 


Thus, a WBCT of 30 minutes is equivalent to an 
ACT of 187 seconds, the latter being a reason- 
able response time and the former unacceptably 
long [4]. 


Manual Protamine Titration 
We believe that a protamine titration is the best 
clinical test available today to demonstrate ab- 
solutely whether heparin effect is or is not pres- 
ent if clotting is prolonged. An understanding 
of the concept behind the protamine titration is 
essential to understand the other tests. To an- 
swer the question "Is there a heparin effect?" 
qualitatively: 1 ml of blood is added to each of 
two tubes, one containing no protamine. The 
tubes are gently tilted 90 degrees once every 30 
seconds until a clot forms. If heparin effect is 
present in the blood, the tube without prot- 
amine will have a prolonged clotting time and 
in the tube containing protamine the heparin 
will be neutralized, resulting in the blood clot- 
ting first. However, if there is no heparin pres- 
ent in the blood, the tube that does not contain 
protamine will clot normally and the protamine 
in the other tube will behave as an in vitro anti- 
coagulant and result in a prolonged clotting 
time. Thus there is no heparin effect if the con- 
trol tube clots before the protaminized tube. 

During cardiopulmonary bypass, the ques- 
tion asked is how much, rather than if, heparin 
effect is present. A quantitative protamine ti- 
tration can be carried out by adding protamine 
to five test tubes in 10 wg increments between 
10 and 50 wg and adding 1.0 ml of blood to each 
tube. The concentration of protamine in mi- 
crograms per milliliter of blood resulting in the 
shortest coagulation time is taken as the opti- 
mal amount to use in calculating the protamine 
dose for exact neutralization. In the case of 
more than one tube with identical coagulation 
times, the tube with the smallest protamine 
concentration is used. 

Manual protamine titration offers several ad- 


vantages. (1) Minimal equipment is required. 
(2) The cost is low. (3) There is no risk of 
equipment failure. (4) It is the time-honored 
method of detecting heparin effect. The over- 
riding disadvantage is that this technique re- 
quires the undivided attention of the operator 
for 5 to 10 minutes. As a result, it is rarely done 
at all today, let alone serially, in our operating 
rooms except as part of research protocols. 


The Automated Activated Coagulation Time 

In this test, 3.0 ml of blood are added to a test 
tube containing diatomaceous earth to activate 
Factor XII maximally. A cylindrical bar magnet 
is in the test tube. The tube is placed in the well 
of the Hemochron machine, and the timer is 
started. A magnetic detector is at the base of the 
well, and, as the tube rotates, the cylindrical bar 
magnet remains within close proximity to the 
detector while the blood is stirred. When a clot 
forms, the bar magnet is displaced from the 
base of the well and a proximity switch trips the 
timer. Shortly after its introduction in 1974, the 
automated ACT became our routine method of 
monitoring heparin therapy because of the ease 
with which tests can be performed. As a result, 
more frequent serial testing was done. 

In 1974, we performed a study in children 
with congenital heart disease. Using our then 
standard protocol for heparin therapy and the 
manual protamine titration as the reference 
test, we established that there was a sharp 
break in the automated ACT between border- 
line levels of anticoagulation and adequate 
levels. As long as the automated ACT was 
greater than 300 seconds, anticoagulation was 
found to be adequate based on our standard 
measurement, the protamine titration [5]. 

There are two disadvantages to this test. The 
first is that although operation is simple, care 
must be taken to mix the blood and activator 
and to insert the tube into the bottom of the 
well. The second major disadvantage is that the 
test reveals only that clotting is prolonged; it 
does not provide conclusive evidence that the 
prolongation is due to heparin effect. 


The Automated Protamine Titration 

This is the newest and most elaborate of the de- 
vices available for monitoring heparin therapy. 
After the computer is set for an individual pa- 
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tient’s height, weight, and sex, it will calculate 
the estimated blood volume. To this is added 
the pump volume. The computer also is set for 
the micrograms of protamine in each of the four 
wells in the cartridge being used, the desired 
heparin level, and the protamine: heparin ra- 
tio. Then 1.5 ml of blood is inserted in each of 
the four wells of a cartridge, which is immedi- 
ately placed in the machine. The lever is closed, 
starting the timer and pump which bubbles 
filtered compressed air through the blood. The 
air bubbles simultaneously provide activation 
of the clotting mechanism and thorough, gentle 
mixing of the blood and the varying amounts of 
protamine contained in each well of a given 
cartridge. As a clot accumulates, it does so in 
the top of each well where a plastic mesh acts as 
a debubbler, releases liquid blood, and retains 
the clot, permitting the blood level to drop unti) 
light is perceived passing through the first well. 
The principle of this test is the same as that of 
the manual protamine titration, namely, that 
clotting will occur first in the chamber where 
the protamine:heparin ratio is nearest the 
neutralization point. 


Comparison of Monitoring Tests 

To compare the available tests, blood samples 
were obtained for simultaneous measurement 
of the automated ACT, the manual protamine 
titration, and the automated protamine titra- 
tion. These samples were obtained prior to 
heparinization, 5 minutes after heparin ad- 
ministration, 5 minutes after the onset of by- 
pass and every 30 minutes during bypass, and 
5 minutes after protamine administration and 
every 30 minutes thereafter until the conclu- 
sion of the operation. 

Figure 1 compares the automated ACT with 
what had been our standard, the manual prot- 
amine titration. As with our earlier study in 
children, a sharp break was noted in the auto- 
mated ACT at the point of adequate heparin 
anticoagulation. As long as the automated ACT 
was above 300 seconds, the anticoagulant level 
was adequate. Again, as in children, while 
the automated ACT can be used to establish 
adequate anticoagulation levels, that test can- 
not be used to distinguish between an ade- 
quate dose and a gross overdose. 

Figure 2 compares the two automated tech- 
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Fig 1. Automated activated coagulation time (ACT) ver- 
sus manual protamine titration. On the horizontal axis, 
milliliters of blood is that amount required for optimal 
neutralization. The marked increase between 10 and 20 
ug values indicates the breakpoint between borderline 
and adequate anticoagulation. Broken line at 300 sec- 
onds level, therefore, indicates our safe lower limit of 
ACT for adequate anticoagulation. (Lowest value ob- 
tained at this point was 321 seconds.) Broken line at 400 
seconds indicates safe lower limit recommended by 
Young and colleagues [11]. 
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niques with each other. The results are similar 
to the comparison of the automated ACT and 
the manual protamine titration, namely, that 
there is a distinct break between the 10 and 20 
pg protamine test tubes and again the auto- 
mated ACT cannot differentiate adequate hepa- 
rin levels from gross overheparinization. How- 
ever, the break is not quite as sharp as with the 
manual protamine titration. Although the ACT 
cannot tell the exact level of heparin in the pa- 
tient's blood, the protamine titration (manual 
or automated) can. 

Since it has not been determined conclusively 
whether an absolute level of heparin in units 
per milliliter or the degree of prolongation of a 
given test of anticoagulation is the better test 
for adequate anticoagulation during bypass, 
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Fig 2. Automated activated coagulation time versus au- 
tomated protamine titration. On the horizontal axis, 
milliliters of blood is that amount required for optimal 
neutralization. The marked increase at 20 ug of prot- 
amine per milliliter of whole blood is noted, as in Fig- 
ure 1. 


we determined how many times the ACT fell 
below 300 seconds when the heparin level was 
2 units per milliliter or greater and how many 
times the heparin level fell below 2 units per 
milliliter when the ACT was greater than 300 
seconds. This is indicated in Table 1 for the 148 
separate determinations during cardiopulmo- 
nary bypass. 


Effect of Monitoring Heparin Therapy 

on Blood Loss 

Methods 

Patients scheduled for coronary artery saphe- 
nous vein bypass graft were randomly assigned 
to the control or treatment group. In the former, 
heparin doses were administered according to 
our standard protocol of 300 units per kilogram 
of body weight. Supplemental heparin, 150 
units per kilogram, was added two hours fol- 
lowing the initial dose. This additional amount 
was calculated to account for heparin excretion 
and metabolism over time. Initial protamine 
was administered in a protamine: heparin ratio 
of 1.3:1.0. Intravenous transfusion of pump blood 


Table 1. Comparison of Individual Activated 
Coagulation Times with Heparin Levels 
Determined by Protamine Titrations in 148 
Individual Determinations 


Protamine 
Titration (ug/ml) 










ACT Range 


(sec) 0 10|[20 30 40 





110—300 


Insufficient 
anticoagulation 





Sufficient 











301-600 0 0,9 56 294% anticoagulation 
601-1000 U DII 3 2 
Inadequate Adequate 


heparin levels heparin levels 





after bypass was treated with protamine, 5 mg 
per 100 ml of blood. In the treatment group after 
the initial dose of 300 units of heparin per kilo- 
gram, all additional heparin and the protamine 
were given according to the automated prota- 
mine titration. The two groups were comparable 
in age, height, weight, and sex distribution. 


Results | 

Table 2 lists the heparin and protamine doses 
required for the two groups. Although the 
heparin requirements were identical, there was 
a 4096 reduction in the protamine dose in the 
treatment group. 

The blood loss in the operating room after 
bypass and in chest bottle drainage overnight 
between these two groups was compared. 
There were no appreciable differences. Figures 
3 and 4 illustrate these results. The groups were 
separated into subgroups based on the duration 
of cardiopulmonary bypass. There were no 
statistical differences between any subgroups. 
(It should be noted that the patient with the 
shortest bypass time had the largest amount 
of chest bottle drainage!) 


Comment 

The five original articles and one case report 
published in The Annals of Thoracic Surgery in 
1979 and dealing with hemostasis or its lack in 
open-heart operations, suggest that effective 
hemostasis after bypass remains a problem in 
such operations. Exactly what constitutes ade- 
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Table 2. Comparison between Control 
and Treatment Patient Groups 








Control Treatment 
Variable Group Group 
No. of patients 21 25 
Age (yr) 54 + 1.73 92 X 174 
Height (cm) 179 $1279 17495 t 1,96 
Weight (kg) 79.99 + 1.69 79.30 + 2.60 
Sex 18M,3F 22M, 3 F 
Initial heparin (U) 24,420 + 584 23,550 + 849 
Supplemental 100590 € 725 620 + 393 
heparin (U) 
Total heparin (U) 25,470 + 710 24,240 + 928 
Total protamine 429 + 15° 295 X 10? 
(mg) 
OR blood loss after 548 + 61 588 + 74 
bypass (ml) 
Chest bottle drain- 405 + 22 469 + 37 


age (ml) 





?Results significant at p < 0.05. 


OR - operating room. 


quate heparin levels remains controversial. We 
relied initially on heparin levels as measured 
by a protamine titration [1]. In 1975, Bull and 
colleagues [6, 7], using a manual ACT, re- 
ported that the amount of heparin required to 
produce an arbitrary prolongation in clotting 
time (i.e., individual sensitivity) varied three- 
fold and the rapidity with which the admin- 
istered heparin disappears (i.e., heparin half- 
life) can vary fourfold. They concluded that the 
management of heparin therapy according to 
a set protocol is inadequate for many patients. 

Other factors possibly influencing heparin 
levels are body temperature and the con- 
troversy regarding protamine:heparin ratios. 
Hypothermia, commonly employed to varying 
degrees during cardiopulmonary bypass, has 
been shown to prolong heparin half-life, with 
body temperatures below 25°C being associated 
with minor decay [8]. Protamine doses for a 
given heparin dose have ranged from zero to 
four times the heparin dose [1]. Guffin and 
co-workers [9] demonstrated that a reduced 
dose of protamine was associated with less in- 
traoperative bleeding after cardiopulmonary 
bypass and less overnight chest bottle drainage. 
The increased bleeding seen with excess prot- 
amine doses may be due to an adverse effect of 
heparin on platelets [10]. 
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Fig 3. Comparison of blood loss (ml) in the operating 
room (OR) after bypass for treatment and control 
groups. Total patients in both groups were separated 
into subgroups based on duration of bypass. There are 
no statistically significant differences. Note that the pa- 
tient with the shortest bypass time had the greatest 
blood loss. 


As automated devices were introduced, the 
results obtained with the standard protocols 
were determined and used. This was our ap- 
proach to the introduction of the automated 
ACT in 1974. In 1978, Young and associates [11] 
reported that keeping the automated ACT 
above 400 seconds would prevent microscopic 
coagulation [13]. They used as their endpoint 
the appearance of fibrin monomer as evidence 
of microscopic coagulation. 

Roth and colleagues [12] reported that use of 
the ACT test did not reduce postoperative 
bleeding although the total protamine: heparin 
ratio was reduced from 2:1 to 1:1. However, 
Salzman [13] criticized their conclusion because 
the groups were neither studied at the same 
time nor randomized. Furthermore, the groups 
were markedly dissimilar in that one group had 
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Fig 4. Comparison of overnight chest bottle drainage 
(ml) between treatment and control groups. There are 
no statistically significant differences. 


twenty-five coronary artery bypass grafts and 
three valve replacements and the other had 
seventeen coronary artery bypass grafts and 
eleven valve replacements. Our results are 
remarkably similar to those of Roth and co- 
workers in that we showed a reduction in the 
total dose of protamine without any change in 
the amount of postoperative bleeding. These 
results were achieved, however, in randomly 
assigned groups of patients. who all underwent 
the same procedure, coronary artery—saphe- 
nous vein bypass graft. 

Does this mean that monitoring heparin 
therapy and its neutralization is not important? 
We think not because all patients had some 
form of heparin therapy monitoring and we 
would not propose to care for any patient with- 
out monitoring heparin therapy in some way. 
Rather, we suggest that there are several effec- 
tive means of monitoring therapy and that the 
method employed is a matter of personal pref- 
erence, although several factors must be taken 
into consideration: (1) availability of extra per- 
sonnel to perform manual tests requiring the 
individual attention of the operator; and (2) cost 


considerations in purchase of machines and test 
tubes or cartridges for automated tests. It is also 
important to consider that a form of protamine - 
titration can most conclusively demonstrate and 
quantify heparin effect. 
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Misleading Density 


of Mediastinal 


Cysts on Computerized Tomography 


Mehdi A. Marvasti, M.D., George E. Mitchell, M.D., 
William A. Burke, M.D., and John A. Meyer, M.D. 


ABSTRACT Five patients seen with roentgeno- 
graphic evidence of smooth, rounded mediasti- 
nal masses were evaluated by computerized tomo- 
graphic (CT) scanning. Density readings from the 
lesion were interpreted in all patients as being 
equivalent to solid tissue. With these findings, tho- 
racotomy seemed necessary for definitive diagnosis. 
All 5 lesions were found to be thin-walled cystic 
structures containing thick viscid fluid. Contrary to 
views expressed in the radiology literature, we con- 
clude that computerized tomography does not differ- 
entiate reliably between solid and cystic mediasti- 
nal masses. 


Discrete, rounded mediastinal masses are en- 
countered with considerable frequency, and a 
specific preoperative diagnosis may be difficult. 
Computerized tomographic (CT) scanning has 
been hailed as the means of differentiating 
benign cystic lesions from those having the 
density of solid tissue [2, 4, 7]. CT densitom- 
etry has been a reliable diagnostic tool for 
identification of mediastinal lesions composed 
of fatty tissue [1]. However, it is not generally 
appreciated that cystic lesions of the medias- 
tinum very often contain thick viscid fluid 
which shows absorption density equivalent to 
solid tissue. Because of this factor, comput- 
erized tomography can be misleading in differ- 
ential diagnosis of mediastinal densities. 

In this report, we present 5 patients with 
mediastinal masses who were evaluated by 
computerized tomography at State University 
and Crouse-Irving Memorial Hospitals from 
April, 1979, to September, 1979. All patients 
were reported to have solid mediastinal tumor 
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by CT densitometry. These patients sub- 
sequently underwent thoracotomy, and all were 
found to have mediastinal cysts. 


Case Reports 


Patient 1 

A 31-year-old man was well until three months 
before admission, when he began to note in- 
termittent substernal pain. Roentgenographic 
examination of the chest demonstrated a well- 
defined, smooth, rounded, 6 by 7 cm mass in 
the right middle mediastinum. On comput- 
erized tomography (Fig 1), the density of the le- 
sion was recorded as approximately 50 Houns- 
field units, compatible with a solid tissue mass. 
At operation, the mass was found to be cystic 
in nature, contained a large amount of viscid 
creamy fluid, and had a point of attachment 
to the right main bronchus. Pathology report 
showed a cyst lined with respiratory epithelium 
with focal islands of hyaline cartilage, and 
bronchial-type glands with some chronic 
inflammatory reaction. 


Patient 2 

A 56-year-old woman, totally asymptomatic, 
was found on routine chest roentgenogram to 
have a 3 by 4 cm rounded density in the supe- 
rior mediastinum. CT scanning indicated that 
the density of the lesion in Hounsfield units 
ranged from 18 to 27 (Fig 2). At operation, the 
lesion was smooth and cystic, and contained 
viscid clear fluid. Pathology report showed 
a cystic structure lined by a single layer of meso- 
thelial-type cells with underlying loose fibrous 
tissue. The origin of the cyst was uncertain. 


Patient 3 

An 18-year-old woman, totally asymptomatic, 
had a routine chest roentgenogram for college 
admission. The roentgenogram showed a well- 
defined, lobulated, 6 cm mass in the medial 
portion of the major interlobar fissure just in- 
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Fig 1. (Patient 1.) Computerized tomographic scan of 
the lesion in the right middle mediastinum a short 
distance below the carina. 





Fig 2. (Patient 2.) Computerized tomographic scan of 
the cystic lesion in the right anterior mediastinal com- 
partment. 


ferior to the right hilum (Fig 3). Computerized 
tomography indicated a density of 26 to 28 
Hounsfield units, compatible with a solid tissue 
mass (Fig 4). Surgical exploration revealed a 
lobulated, thin-walled cystic structure located 
in the anterior portion of the major fissure; pa- 
thology report indicated it to be a bronchogenic 
cyst. 


Patient 4 

A 6-year-old boy was seen with roentgeno- 
graphic findings of a rounded, inferior, medias- 
tinal mass, about 2.5 by 3 cm in diameter. On 
computerized tomography, the density of the 
mass in Hounsfield units was recorded as 77 to 
84 (Fig 5); it was considered to represent a solid 
tumor. At operation, the mass was cystic and 
contained creamy fluid; pathology report stated 


February 1981 


Fig 3. (Patient 3.) Frontal chest roentgenogram. 





Fig 4. (Patient 3.) Computerized tomographic scan of 
the lesion located near the right hilum. 


that it was consistent with an enterogenous 
cyst. 


Patient 5 

A 50-year-old man had a routine chest roent- 
genogram during evaluation of low back pain. 
The roentgenogram revealed a large, rounded, 
middle mediastinal mass (Fig 6). The density 
recorder of the CT scanner was not functioning, 
and a number is not available (Fig 7). The 
density of the lesion was considered equivalent 
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Fig 5. (Patient 4.) Computerized tomographic scan of 
the lesion in the left lower mediastinum. Pathological 
diagnosis was enteric cyst. 





Fig 6. (Patient 5.) Contrast roentgenographic study 
showing displacement of the esophagus by the mass. 


to that of solid tissue. Exploration revealed a 6 
by 6 cm cystic mass, adjacent to the right main 
bronchus. Pathology report showed a benign 
mesothelial-lined cyst. 


Comment 

Cystic lesions of the mediastinum, including 
pericardial, bronchogenic, enteric, and nonspe- 
cific types, constituted 21% of mediastinal 
masses [5]. Pericardial cysts, composed of fi- 





mme" 





Fig 7. (Patient 5.) Computerized tomographic scan 
showing the lesion in the right middle mediastinum. 


brous tissue and lined with a single layer of 
mesothelial cells, are usually first detected 
during adult life and rarely are symptomatic. 

Bronchogenic cysts are usually located close 
to the trachea or main bronchi, most commonly 
posterior to the carina. Histologically, they are 
composed of ciliated respiratory epithelium, 
cartilage, smooth muscle, fibrous tissue, and 
mucous glands. Bronchogenice cysts in infants 
and children can cause symptoms secondary to 
compression of the trachea or bronchus. Malig- 
nant degeneration has not been reported within 
a mediastinal bronchogenic or pericardial cyst. 

Enteric cyst is uncommon and occurs in the 
posterior mediastinum adjacent to the esoph- 
agus. Many of these cysts are lined with gastric 
mucosa; they can show acid secretion with 
peptic ulceration, perforation, or bleeding. 
Nonspecific cysts have a fibrous wall without 
specific epithelial lining. 

In those patients in whom the mass was 
identified on a routine chest roentgenogram, 
the lesion was benign in 95%. In a group of pa- 
tients who were symptomatic, 50% of the le- 
sions were malignant [5]. Asymptomatic be- 
nign lesions that increase in size during a 
period of observation can produce symptoms 
eventually. In general, specific diagnosis has 
been possible only by surgical excision. 

In recent years, the clinical.impact of com- 
puted tomography of the chest and medias- 
tinum has been assessed [2, 6, 7]. In view of 
the ability of computerized tomography to visu- 
alize structures in the transverse plane and to 
identify differences in radiologic density, the 
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following list of indications for CT studies of 
the mediastinum was proposed by Goldwin 
and co-workers [2]: 


1. Evaluation of lesions that are hidden by the 
mediastinum and that may not be suspected 
with standard roentgenographic projections 

2. Evaluation of the tissue density of lesions 

3. Identification of the mediastinum widened 
by fatty infiltration or prominent great ves- 
sels 

4. Evaluation of the mediastinum that is ab- 
normal or questionably abnormal on stan- 
dard roentgenograms 

5. Evaluation of tumor extent and localization 


It has been claimed that recording of the pre- 
cise attenuation value of a mediastinal mass by 
computed tomography may permit a definitive, 
noninvasive diagnosis [3, 7]. Lesions seen with 
attenuation values characteristic of fatty tissue 
(—40 Hounsfield or EMI units) include hernias 
of the foramen of Morgagni, the foramen of 
Bochdalek, and pericardial fat pad [1]. In these 
cases, the diagnosis may be conclusive, and no 
further diagnostic workup is necessary. Should 
the mediastinal mass demonstrate an attenua- 
tion value higher than 10 to 15 EMI units, 
characteristic of soft tissue, neoplasm cannot be 
excluded and further diagnostic studies are 
necessary. 

We agree with Jost and colleagues [3] that at- 
tenuation values (CT densitometry) are not 
necessarily indicative of the histological char- 
acter of the lesion. In the 5 patients with medi- 
astinal cysts reported here, the attenuation 
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values were equivalent to those of solid tissue. 
At operation, all of these patients were found to 
have mediastinal cysts containing thick viscid 
fluid; presumably this accounted for the mis- 
leading values. We conclude that CT scanning 
does not differentiate reliably between medias- 
tinal cysts and solid lesions. 

If one believes that all mediastinal mass den- 
sities must be excised, irrespective of solid or 
cystic character, then this failure of differentia- 
tion is of no importance. We take the view that 
if asymptomatic cystic masses could be iden- 
tified prospectively, they could be observed 
with reasonable safety. From this standpoint, 
reliable preoperative differentiation would be 
of value. 
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CASE REPORTS 


Extracorporeal Membrane 


genator 


Support in a Case of Severe Status Asthmaticus 


Kenneth F. MacDonnell, M.D., Hyung S. Moon, M.D., 
Thomandram S. Sekar, M.D., and Mohinder P. Ahluwalia, M.D. 


ABSTRACT Support with extracorporeal mem- 
brane oxygenation (ECMO) can sustain life for a 
substantial period of time, but the role of long-term 
ECMO support is limited. The National Institutes of 
Health ECMO collaborative study revealed no 
significant reduction in mortality in adults with se- 
vere respiratory distress syndrome treated with 
ECMO. The value of ECMO in the treatment of tran- 
sient, severe acute respiratory insufficiency has been 
demonstrated in patients after cardiac operations, in 
patients with Pneumocystis carinii pneumonia, and 
in patients following trauma. We present an example 
of refractory respiratory failure in a young asthmatic 
with massive atelectasis in whom the institution of 
ECMO allowed us to perform adequate pulmonary 
lavage. It resulted in improvement in gas exchange 
and the patient’s survival. 


Mortality due to asthma has been on the decline 
in recent years, reflecting improvements in the 
pharmacological and supportive management 
of the asthmatic patient. However, at least 2,000 
adults die of status asthmaticus annually [15]. 
Status asthmaticus is characterized by wide- 
spread mucous plugging, bronchospasm, and 
acute respiratory failure. Complications associ- 
ated with status asthmaticus (segmental or 
lobar atelectasis, infection, pneumothorax) are 
all potentially reversible if adequate support 
during the acute episode can be accomplished. 

The National Institutes of Health collabora- 
tive study on extracorporeal membrane oxyge- 
nation (ECMO) failed to reveal any significant 
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reduction in mortality in patients with severe 
adult respiratory distress syndrome treated 
with ECMO. Such support has been shown to 
be useful in patients with reversible respiratory 
failure refractory to other more conservative 
measures, e.g., positive end-expiratory pres- 
sure. Case reports document the successful use 
of ECMO in patients with respiratory failure 
after cardiac operation [17], with Pneumocystis 
carinii pneumonia [6], and following trauma [2, 
10, 20]. The role of ECMO in selective instances 
of acute respiratory failure is exemplified in the 
following case report. 


A 32-year-old, single, female dance instructor 
had been admitted to St. Elizabeth's Hospital 
on numerous occasions for the treatment of se- 
vere asthmatic episodes. Three days before this 
admission, the patient had had her dance 
studio painted. In the past, she has had exacer- 
bations of asthma when exposed to fresh paint. 
The day after the studio was painted, she noted 
shortness of breath. She was seen in the acci- 
dent ward of St. Elizabeth's Hospital twice in 
the next two days and was treated with intrave- 
nously administered aminophylline, isoetha- 
rine aerosol, and corticosteroids. On both occa- 
sions the bronchospasms cleared rapidly, and 
she left much improved and returned to work. 
A few hours after the second visit, however, 
she complained of severe shortness of breath, 
and by the time she arrived at the accident 
floor, she was comatose and deeply cyanotic, 
with barely any perceptible air movement. 
Arterial blood gases on admission disclosed a 
partial pressure of oxygen (PaO;) of 22 mm Hg, 
a partial pressure of carbon dioxide (PaCO,) of 
77 mm Hg, and a pH of 7.07. The patient was 
intubated with an endotracheal tube and re- 
ceived 0.4 ml of subcutaneously administered 
epinephrine along with a bolus of aminophyl- 
line, 300 mg administered intravenously, and 
60 mg of methylprednisolone intravenously. At 
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the time, the blood pressure was 160 to 195 mm 
Hg with a pulsus paradoxus of 20 mm Hg. Ini- 
tial chest roentgenogram revealed markedly 
overinflated lungs, and arterial blood gases 
with an inspired oxygen fraction FIO, of 1, a 
tidal volume of 600 cc, and peak inspiratory 
pressure of 55 mm Hg disclosed a PaO, of 290 
mm Hg, pH of 7.27. The FiO, was decreased 
gradually to 0.4 and over the next two days, the 
PaO, was in the range of 80 mm Hg, with a 
PaCO, in the range of 38 to 42 mm Hg and pH of 
7.34. The peak inspiratory pressure recorded on 
the MA-1 was 24 mm Hg with a tidal volume of 
600 cc. Medications during this period included 
diazepam, 2.5 mg every two hours, succinyl- 
choline, 4 mg per minute, methylprednisolone, 
40 mg every three hours, terbutaline, 2.5 mg 
subcutaneously every four hours, and amino- 
phylline, 50 mg per hour (resulting in a blood 
level of 16 ug/ml), along with vigorous hydra- 
tion and ampicillin. 

The following day, the patient's condition 
deteriorated and a left pneumothorax was 
noted. A chest tube attached to closed under- 
water drainage was inserted, and prompt ex- 
pansion of the left lung was accomplished; 
however, the chest roentgenogram disclosed 
lobar atelectasis, on both the right and left side 
(Fig 1). The endotracheal tube was changed to a 
size 9, and therapeutic fiberoptic bronchoscopy 
was carried out. Thick secretions were noted 
throughout the tracheobronchial tree, which 
displayed marked expiratory collapse. Follow- 
ing bronchoscopy, the left lung expanded. 

Recurrent right upper lobe collapse required 
repeated bronchoscopies, which resulted in in- 
complete expansion of the right upper lobe. A 
tracheostomy was performed. Fluctuations in 
lung compliance identified repeated episodes of 
lobar atelectasis. Because of a marked decrease 
in lung compliance and the presence of large 
amounts of thick secretions, the patient under- 
went bronchoscopy under deep halothane 
anesthesia. A moderate amount of thick se- 
cretions was removed, and a modest improve- 
ment in lung compliance was noted. Six hours 
later, a large right pneumothorax was detected; 
after a right chest tube was placed, there was 
prompt expansion of the lung. Attempts at re- 
peat bronchoscopy were curtailed because of 
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Fig 1. Chest roentgenogram made on the third hospital 
day shows marked loss of volume on the left side and 
collapse of the right upper lobe. A chest tube on the left 
was placed the day before for pneumothorax. 


cardiac arrhythmias (bigeminy and ventricular 
tachycardia) and sinus bradycardia. 

On the evening of the eighth hospital day, 
lung compliance deteriorated and the patient 
suddenly became hypotensive. Attempts at 
manual ventilation with an Ambu bag at respi- 
ratory rates of 70 breaths per minute associated 
with peak airway pressures of 80 cm H,O re- 
sulted in PaO, of 70 mm Hg, PaCO, of 55 mm 
Hg, and pH of 7.20. The arterial blood gases just 
prior to resuscitation were PaO, of 32 mm Hg, 
PaCO, of 72 mm Hg, and pH of 7.12 on FiO; 
of 1. 

The patient’s blood pressure was supported 
with Levophed (levarterenol bitartrate) and 
dopamine, both of which were necessary to 
maintain a systolic blood pressure of 90 mm 
Hg. An emergency femoral vein—femoral artery 
cannulation for the purpose of ECMO was per- 
formed. In the right groin, the femoral artery 
and vein were cannulated with a 28F cannula. 
The patient was then placed on a Kolobow 
membrane at a flow of 1.5 to 2 liters per minute 
(Table). Oxygen delivery, calculated two hours 
after the patient was on ECMO was 81 cc per 
minute. Heparin was administered by a con- 
stant infusion of 1,500 to 2,000 units per hour 
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Cardiopulmonary Data? 








Measurement Value 
Extracorporeal flow 1.9 € 0.3 L/min 
Cardiac output 4.8 + 0.5 L/min 


Venous Po, 

Arterial Po, 

Oxygenator outlet Po, 
Oxygenator pressures, in 
Oxygenator pressures, out 


39 + 4.2 mm Hg 
51 + 5.4 mm Hg 
310 + 25 mm Hg 
210 + 18 mm Hg 
170 + 17 mm Hg 





*Values expressed are a mean of observed values during the 
time on extracorporeal membrane oxygenation. 


Po, = partial pressure of oxygen. 


supplemented by periodic doses of 100 to 300 
units to maintain activated clotting times at 200 
to 400 seconds. Hematocrit was maintained in 
the vicinity of 30% with the aid of 5 units of 
packed cell transfusion. The patient's hemody- 
namic status gradually improved over the next 
hour, and she was weaned off the vasopressors. 

Bronchoscopy with lung lavage (200 to 300 ml 
of saline solution along with the application of 
1 to 2 ml of diluted Mucomyst [acetylcysteine] 
to areas of inspissated secretions) was car- 
ried out immediately. A marked improvement 
in lung compliance and gas exchange was noted 
following bronchoscopy; arterial blood gases 
were PaO; of 170 mm Hg, PaCO, of 40 mm Hg, 
and pH of 7.31. Over the ensuing eighteen 
hours, the patient underwent bronchoscopy on 
four more occasions. 

At this time, the patient had a sudden mas- 
sive intrapulmonary hemorrhage with large 
amounts of bright red blood suctioned through 
a tracheostomy. She was noted to have minimal 
oozing at the site of venipuncture. The acti- 
vated clotting time was 238 seconds. She was 
treated with 50 mg of protamine sulfate and 10 
units of platelets was transfused, which 
stopped the bleeding. The patient then was 
weaned gradually from ECMO and decannu- 
lated without further incident. 

Two days after use of the ECMO, the chest 
tubes were removed. A low grade fever per- 
sisted. A roentgenogram showed minimal right 
lower lobe atelectasis. On the thirteenth day, she 
had a spiking temperature to 39.5?C, with a 





Fig 2. Chest roentgenogram on the thirteenth hospital 
day reveals a large right pleural effusion, which proved 
to be an anaerobic empyema. 


total white cell count of 43,000/mm? and a marked 
left shift; a repeat chest roentgenogram showed 
substantial pleural effusion (Fig 2). Thoracen- 
tesis revealed purulent, foul-smelling pus. 
Chest tube placement was ineffective; a large 
effusion remained. On the sixteenth day, with 
persistent fever, marked leukocytosis, and a 
deteziorating clinical status, the patient under- 
went evacuation of the empyema in the op- 
erating room. The empyema grew Bacteroides 
melaninogenicus and Klebsiella. The patient was 
treated with cefoxitin (2 gm administered intra- 
venously every four hours for two weeks), 
gentamicin (90 mg every eight hours adjusted 
according to serum levels for six weeks), and 
carbenicillin (5 gm intravenously every four 
hours for six weeks). The patient's temperature 
came down to 36.7°C in three days, and she re- 
mained afebrile after she had been on a regi- 
men of antibiotics for a week. On the fifty- 
seventh hospital day, she was discharged. 
Chest roentgenogram at this time revealed 
well-expanded lung fields. Follow-up pulmo- 
nary function testing three months later re- 
vealed a minimal restrictive pattern, and the 
patient returned to her former occupation as a 
dance instructor. 
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Comment 

The mortality associated with asthma is low 
and has been on the decline in recent decades. 
It is estimated that there will be approximately 
2,000 deaths as a result of asthma in the United 
States per year [15]. Segal and MacDonnell [16] 
noted a number of features that identify the 
asthma patient at risk. They include excessive 
dependency on inhaled bronchodilators and 
aminophylline, progressive fatigue, personality 
changes, and markedly abnormal mechanics of 
ventilation (a timed vital capacity in one sec- 
ond of less than half a liter, a vital capacity of 
less than 1 liter or a combination of both). In 
this setting, complications can result in life- 
threatening respiratory failure. These patients 
must be recognized as being at high risk if ap- 
propriate vigorous therapy is to be applied. 

In those asthmatic patients who die, the 
postmortem findings are characteristic. Typi- 
cally, the lung is overinflated and pale, with a 
thickening of the large and small bronchi. The 
bronchi between 0.2 and 1 cm in diameter can 
be filled with thick, tenacious plugs of mucus 
[9]. The widespread severe mucous plugging, 
along with mucosal edema and bronchospasm, 
can cause subsegmental, segmental, and lobar 
atelectasis, as was observed in our patient. The 
mucous plugs are tenacious and difficult to re- 
move, even manually. A variety of therapeutic 
maneuvers can be used to deal with such sit- 
uations, including vigorous bronchodilation 
with aminophylline, epinephrine, 8-2 selective 
agonists (e.g., terbutaline) along with high- 
dose steroids, vigorous hydration, and aerosol 
therapy. General anesthesia, using either halo- 
thane or diethyl ether, has been advocated in 
severe refractory status asthmaticus [1, 7]. 
Halothane is thought to produce bronchodila- 
tion by increasing the cellular levels of cyclic 
AMP [18]. Bronchial lavage can be lifesaving in 
patients in whom extensive bronchial obstruc- 
tion by mucous plugs prevents adequate oxy- 
genation [13, 15]. However, status asthmaticus 
is a life-threatening form of asthma that may 
be unresponsive to vigorous therapy. 

Attempts at repeated therapeutic bronchos- 
copies in our patient were thwarted because of 
cardiac arrhythmias (bigeminy and bradycar- 
dia). However, widespread lobar atelectasis 


made continuing mechanical support more and 
more difficult, finally resulting in profound 
life-threatening hypoxia and severe carbon 
dioxide retention. Although the patient was 
moribund (and had just been resuscitated) and 
required blood pressure support with Levo- 
phed and dopamine, she was placed on ECMO 
support, which allowed fiberoptic bronchos- 
copy with lung lavage to be carried out. The 
successful combination of pulmonary lavage 
and ECMO has been described previously 
in a patient with alveolar proteinosis [3]. 

Partial venoarterial bypass with femoral can- 
nulation can result in an inhomogeneous arterial 
oxygen distribution. This can be avoided by 
utilizing either an axillary arterial catheter or 
an aortic arch catheter. Cooper [4], Levitz [12], 
and Zapole and associates [19] advocate ad- 
vancing the arterial inflow catheter to the aortic 
root as the best method of venoarterial partial 
cardiorespiratory support. This was our plan, 
but the patient’s clinical condition improved 
dramatically after the first emergency bronchial 
lavage and it was thought that the femoral 
vein—femoral artery cannulation was adequate 
and potential complications such as brachial- 
plexus injury could be avoided. 

Peripheral venoarterial perfusion routes have 
proved effective in patients with an adequate 
cardiac output [5, 14]. With this perfusion 
method, the region in the aorta where well- 
oxygenated blood from the oxygenator and 
hypoxic blood from the patient’s lung mix (the 
"mixing" region) is critical in oxygen delivery 
to the vital organs (brain and heart). The mixing 
region can be advanced proximally into the arch 
by increasing the amount of bypass flow [5]. 
Left ventricular PaO, also can show improve- 
ment with this type of bypass. This could be as 
a result of an increase in mixed venous blood 
saturation without improvement of pulmonary 
oxygen transfer efficiency [8]. Another ex- 
planation is an improved relationship between 
ventilation and perfusion (V/Q) secondary to 
reduced pulmonary blood flow [5, 11]. Presum- 
ably, the reduced pulmonary blood flow goes to 
better ventilated regions improving V/Q, re- 
ducing venous admixture and thereby im- 
proving PaO». The only major complication en- 
countered in our patient was an episode of 
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major bleeding. This was easily treated with 
protamine sulfate and infusion of platelets. 

The value of ECMO in patients with tran- 
sient, severe, acute respiratory insufficiency has 
been demonstrated in patients after cardiac op- 
eration [17], in patients with Pneumocystis cari- 
nii pneumonia [6], and in patients following 
trauma [2, 10, 20]. The present case report is 
another example of the use of ECMO to provide 
temporary support while a therapeutic maneu- 
ver is attempted. 
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Flow and Regional Function before and 


after Supraarterial Myotomy for Myocardial Bridging 


Ronald C. Hill, M.D., W. Randolph Chitwood, Jr., M.D., Thomas M. Bashore, M.D., 
James D. Sink, M.D., James L. Cox, M.D., and Andrew S. Wechsler, M.D. 


ABSTRACT Myocardial bridges have been associ- 
ated with clinical and metabolic evidence of isch- 
emia, although the mechanism for this is unclear. 
We measured coronary blood flow and segmental 
function at different heart rates prior to and after re- 
lease of a myocardial bridge involving the left an- 
terior descending coronary artery in a patient with 
angina. Before lysis of the bridge, atrial pacing was 
associated with a decreased systolic flow/total flow, 
increased duration of systole, a lag in diastolic flow, 
and functional deterioration. After release of the 
bridge, pacing was associated with increased systolic 
flow/total flow and systolic interval, no diastolic 
flow lag, and no functional deterioration. These data 
imply that before bridge division, systolic flow and 
the initiation of diastolic flow were impeded. Func- 
tional abnormalities resulting from the flow dis- 
crepancies at heart rates of 120 to 150 beats per min- 
ute may have accounted for this patient's symptoms. 


The relationship between myocardial bridging 
of a coronary artery, and angina and ischemia 
has been controversial. However, Grondin and 
associates [1] reported 3 patients with myocar- 
dial bridges involving the proximal left anterior 
descending coronary artery (LAD). All 3 had 
angina and metabolic studies consistent with 
ischemia during pacing. Postoperatively, after 
release of the band, pacing studies showed no 
evidence of ischemia. To date, the relationship 
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between segmental function and flow remain 
unknown. We studied coronary flow and re- 
gional myocardial function at several heart 
rates, prior to and after the release of a myocar- 
dial band involving the LAD, to try to establish 
a possible mechanism for angina. 


A 44-year-old white man began to experience 
chest pain when he was 28 years old. The pain 
was considered to be typical angina pectoris 
and to be exercise- and stress-induced; it was 
relieved by nitroglycerin and rest. From 1962 to 
1976, the patient was hospitalized six times for 
chest pain without evidence of myocardial in- 
farction. From 1976 to 1977, he had one to ten 
episodes of angina per day (New York Heart 
Association [NYHA] Class III). After hospitali- 
zation for chest pain in October, 1977, he was 
treated with propranolol, 320 mg per day, plus 
nitroglycerin, and became NYHA Class IV 
for angina. The electrocardiogram continued to 
show inferolateral T wave changes compatible 
with ischemia. At catheterization, the patient 
had normal hemodynamics and coronary ar- 
teries except for a 3 cm muscle bridge over the 
first diagonal branch and the middle segment of 
the LAD. Angiography was performed by the 
Judkins approach in multiple views at 64 frames 
per second. During systole, the muscle bridge 
accounted for a maximal stenosis of 95% of 
these vessels and occluded 85% of the systolic 
cycle (16 of 19 angiographic frames) and 50% 
of the diastolic cycle (10 of 20 angiographic 
frames) or 67% of the total cardiac cycle (Fig 1). 
A myocardial thallium scan was equivocal in 
the resting state but during infusion of isopro- 
terenol (6 wg per minute; 125 beats per min- 
ute), the patient had severe chest pain, and 
there was a suggestion of decreased myocardial 
perfusion in the anterior apical portion of the 
left ventricle. The infusion was terminated 
prior to the development of electrocardio- 
graphic changes. 
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Fig 1. Coronary arteriograms: (A) The middle portion of 
the left anterior descending coronary artery (LAD) is 
95% occluded during systole (arrow) for a duration of 
85% of the systolic cycle. (B) The same portion of the 
LAD is shown during diastole (arrow). 


Due to persistent symptoms, a supraarterial 
myotomy was performed, which released the 
LAD. At operation, only the distal 2.5 cm of the 
LAD could be seen on the surface of the heart. 

Following institution of cardiopulmonary 
bypass (CPB), regional function was assessed 
using two miniature ultrasonic transducers (3 
mm in diameter) placed within the middle of 
the left ventricular wall in an area supplied by 
the LAD (Fig 2) [2]. The transducers were po- 
sitioned 10 mm apart along the left ventricular 
minor axis, 7 mm from the epicardium. A cali- 
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brated 3.0 mm electromagnetic flow probe was 
positioned around the LAD proximal to the 
bridge (see Fig 2) and connected to a Howell 
HMS 1000 flowmeter. Several total occlusions of 
the LAD proximal to the flow probe were per- 
formed to calibrate the probe to zero flow. 
Radial artery and central venous pressures were 
measured with polyvinylchloride catheters at- 
tached to Hewlett-Packard 1280 transducers. 
All data including the electrocardiogram were 
recorded on a Hewlett-Packard 7758B direct- 
writing paper recorder. 

After the instruments were positioned, the 
patient was weaned from CPB at 37°C. Data 
were collected at a resting heart rate of 100 beats 
per minute and at 120 and 150 beats per minute 
with right atrial pacing. CPB was then reinsti- 
tuted, and the patient was cooled to 32°C. The 
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Fig 2. Intraoperative study design. A 3.0 mm elec- 
tromagnetic flow probe was placed on the left anterior 
descending coronary artery (LAD) proximal to the mus- 
cle bridge. Miniature ultrasonic crystals (3.0 mm in di- 
ameter) were implanted at midwall level along the left 
ventricular minor axis in the region supplied by the 
LAD distal to the bridge. The broken line denotes the 
place of the myotomy. Studies were done prior to and 
after release of the bridge at various heart rates. Inset: 
Grossly normal LAD after myotomy. 


long muscle bridge was dissected and released 
from the LAD, this requiring an aortic cross- 
clamp time of five minutes. Subsequently, the 
patient was warmed to 37°C and weaned from 
CPB. Following hemodynamic stabilization, 
repositioning of the flow probe, and calibration 
with zero flow by several ten-second total oc- 
clusions of the LAD, data again were collected 
at a resting heart rate of 100 beats per minute 
and at 120 and 150 beats per minute with pac- 
ing. Postoperatively, the patient was returned 
to the intensive care unit where recovery was 
uncomplicated. 

Measurements of end-diastolic length were 
taken at the R wave and end-systolic length at 
the T wave. We have found excellent correla- 
tion between the electrocardiographic timing 
and first derivative of left ventricular pres- 
sure (dP/dt) timing using the 20-msec delayed 
fluid-filled left ventricular pressure catheter 
system [2]. A minimum of 10 beats were aver- 


The Annals of Thoracic Surgery Vol 31 No 2 February 1981 


aged for each determination at paper speeds of 
100 mm per second. 


Results ` 

Data recorded at heart rates of 100 and 150 beats 
per minute before and after release of the myo- 
cardial band are shown in Figure 3. Before the 
band was released, the mechanical excursion 
during systole is represented by the difference 
between A (end-diastolic length) and B (end- 
systolic length) on the regional dimension re- 
cording. Systolic flow, as determined from the 
phasic flow tracing on the coronary flow re- 
cordings, is represented as the distance from A 
to C. When the duration of mechanical systolic 
excursion is superimposed onto the duration of 
systolic flow, no difference between the end- 
diastolic length recording of the ultrasonic 
transducers and end-diastole recording of the 
flow tracing exists. However, a time lag which 
is the difference between B (end-systolic length 
per ultrasonic transducer) and C (end-systole 
per flow tracing) becomes apparent. This time 
lag represents a period during which me- 
chanical diastole begins, yet diastolic coronary 
flow is impeded. During pacing, systolic excur- 
sion deteriorated as the time lag increased. 
After the band was released, no functional dete- 
rioration or time lag could be elicited during 
control or pacing. 

The Table summarizes the functional and 
flow data for all the heart rates studied. Prior to 
myotomy, systolic excursion as well as the rate 
of contraction deteriorated as the heart rate was 
increased from 100 to 150 beats per minute. 
Systolic/total flow decreased while the du- 
ration of systole increased with tachycardia. 
After the band was released, there was a slight 
increase in excursion (4%) and an enhancement 
of the rate of contraction with increasing heart 
rates (100 to 150). Systolic/total flow and length 
of systole then increased with tachycardia. 

The patient’s immediate postoperative course 
was uneventful, and he has been totally 
asymptomatic for ten months. Eight months 
postoperatively, elective coronary arteriog- 


raphy was performed. The coronary arteries 


appeared normal, and no muscle bridge was 
present. — 
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Fig 3. Actual recording of data prior to and after release 
of left anterior descending coronary artery briage. Data 
are during control (heart rate, 100 beats per minute) and 
pacing (heart rate, 150 beats). On the regional dimen- 
sion recording, A is end-diastolic length and B is end- 
systolic length. On the phasic coronary flow tracing, A 
is beginning of systolic flow and C is beginning of dias- 
tolic flow. After superimposing the regional dimension 
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recording onto the coronary flow tracing, the time dif- 
ference between B and C is the lag time when diastolic 
flow lags the initiation of mechanical diastole. During 
pacing preoperatively, lag time increased and systolic 
flow decreased, resulting in functional deterioration 
while postoperatively, systolic flow increased without 
any lag time. No functional deterioration was seen. 
(ECG = electrocardiogram.) 








Before Myotomy* After Myotomy* 
Determination HR 100 HR 120 HR 150 HR 100 HR120 HR 150 
EDL (mm) 13.87 13.23 12.09 13.16 15,99 1332 
AL (mm) 4.45 $91 3.20 (—28%) 4.27 4.22 4.44 (4%) 
dl/dt (mm/sec) 16.84 13.91 12.31 20 22.86 24.62 
Systolic/total flow (96) 46.8 44.2 39.9 37.2 40.5 40.8 
Systolic/diastolic flow (96) 88.2 79.1 66.3 59.4 68.1 69.0 
Systolic/total time (96) 55.6 56.9 59.5 45 48 52.4 
Systolic/diastolic time (96) 125.0 131.8 147.1 81.8 92.3 110.0 
Lag time (msec) 15 30 30 0 0 0 





@Data at heart rates of 100, 120, and 150 beats per minute. 


HR = heart rate; EDL = end-diastolic length; AL = systolic excursion; dl/dt = rate of systolic contraction; Lag time = time 
difference between beginning of electromechanical diastole and beginning of diastolic flow. 
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Comment 

In 1960, Porstmann and Iwig [3] described the 
milking effect or transient narrowing of an ar- 
tery on selective arteriography. Symptoms re- 
lated to this milking effect were not evaluated 
in the literature until Noble and associates [4, 5| 
reported that 27 of 5,250 patients with a myo- 
cardial band displayed a milking effect of the 
LAD during systole. Those patients with a 
greater than 7596 narrowing (grade III milking 
effect) of the LAD during systole tended to 
show S-T segment and metabolic evidence of 
ischemia at heart rates of 150 beats per minute. 
Two of 4 patients with a 50 to 75% systolic nar- 
rowing (grade II milking effect) had chest pain 
and electrocardiographic changes but no meta- 
bolic changes during pacing. Patients with 
grade I milking effect had no electrocardio- 
graphic, metabolic, or physical changes during 
pacing. The authors concluded that when a 
grade III milking effect of the LAD was present, 
it could result in anterior wall ischemia during 
tachycardia and that surgery might be consid- 
ered for these patients. In 1978, Faruqui and 
co-workers [6] reported the cases of 2 symptom- 
atic patients with LAD bridges. Following 
either release of the band and internal mam- 
mary artery anastomosis to the distal LAD or 
saphenous vein bypass distal to the band, both 
patients improved. 

Although our patient did not have a positive 
treadmill test, he had marked angina and a sug- 
gestion of decreased anterior wall perfusion on 
the thallium scan with a heart rate of 125 beats 
per minute. At operation, the systolic flow/total 
flow decreased while systolic time/total time in- 
creased during tachycardia (150 beats per min- 
ute). The time lag, i.e., the time difference from 
when mechanical diastole began and diastolic 
flow began, increased with increasing heart 
rates. Thus, prior to myotomy, the patient had 
an increased discrepancy between the initia- 
tion of electromechanical diastole and diastolic 
flow plus an increased mechanical systolic in- 
terval with a decreased proportion of systolic 
flow during tachycardia. The net result was 
deterioration of both rate and extent of excur- 
sion during systole. 

After the band was released, tachycardia (150 
beats per minute) was associated with an in- 
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creased systolic flow time and a concomitant in- 
crease in systolic flow/total flow. No lag time 
could be found and no deterioration of seg- 
mental function occurred during high heart 
rates. It should be noted that following the 
myotomy and cardiopulmonary bypass period, 
mean LAD flow was diminished. The acute 
nature of the study, repositioning of the flow 
probe, and the bypass period per se may all 
contribute to this, but primary emphasis is di- 
rected to the mechanical and flow intervals and 
ratios. These observations are illustrated in 
Figure 3. The presence of a muscle bridge 
causing 85% stenosis of the LAD in systole and 
50% in diastole accounted for decreased systolic 
flow with tachycardia despite increased systolic 
duration. Resultant functional deterioration 
would be expected to follow. 

Why these abnormalities were present when 
studies by Moulder [7] and Mills [8] demon- 
strated that the pathology of the muscle bridge 
is not abnormal is still open to conjecture. An 
abnormal contraction and excitation pattern of 
the band in relation to the septal wall may be 
one possible explanation. We postulate, there- 
fore, that increased systolic compression of the 
coronary artery and delayed initiation of dias- 
tolic flow impaired the normal coronary blood 
flow response to tachycardia. 

In summary, we have studied, for the first 
time in humans, coronary flow and regional left 
ventricular midwall function prior to and after 
release of an LAD muscle bridge. Tachycardia 
resulted in a decreased systolic flow/total flow, 
increased systolic time, increased discrepancy 
of electromechanical diastole and diastolic flow, 
and functional deterioration. After release of 
the bridge, tachycardia was associated with an 
increased systolic flow/total flow and systolic 
time, no discrepancy of electromechanical 
diastole and diastolic flow, and no functional 
deterioration. 
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En Bloc Chest Wall Resection 
for Candidal Costochondritis in a Drug Addict 


Simon Yap, M.D., Mark M. Ravitch, M.D., 
and Kenneth I. Pataki, M.D. 


ABSTRACT A case of Candida costochondritis seen 
initially as a chest wall tumor in a narcotic addict is 
reported. Bone and cartilage are rare sites of Candida 
infection from whatever cause. Since 1973, only 6 
cases of Candida costochondritis have been reported; 
5 were complications of thoracic operations and the 
other, of intravenous hyperalimentation. Treatment 
by a one-stage en bloc resection of chest wall, and 
reconstruction by rib graft and Marlex mesh resulted 
in cure in our patient, without complications. 


This report concerns a patient with candidal 
costochondritis resulting from intravenous 
self-administration of narcotics. One-stage en 
bloc resection of the chest wall was performed 
under the mistaken diagnosis of tumor. While 
possibly a more extensive operation than re- 
quired for candidiasis, it offered a rapid reso- 
lution of the clinical problem. 


A 22-year-old man was admitted on November 
15, 1976, with a painless mass on the lower 
right anterior chest wall, said to have gradually 
increased in size over the 342 weeks prior to 
admission. The mass, at the level of the right 
fifth costosternal junction, measured 3 X 3 cm 
and filled the interspace above and below. It 
was hard, nodular, nontender, and fixed to the 
chest wall, but not to the skin. There were no 
signs of inflammation or infection. 

Roentgenograms of the right rib cage with 
special soft-tissue views showed only a soft- 
tissue prominence, principally over the 
midportion of the sternum. There were no 
abnormalities of the ribs and no abnormal 
calcification. 
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With a preoperative diagnosis of sarcoma, 
probably chondrosarcoma, the patient under- 
went operation on November 17, 1976. A wide 
resection of the tumor was performed, taking a 
four-rib section of chest wall, right side of the 
sternum, and anterior chest wall muscles en 
bloc. Frozen section of the excised mass was in- 
conclusive. The resulting defect was approxi- 
mately 10 x 12 cm in its greatest diameters. A 
10 cm length of the fifth rib was removed from 
the left side and used as a strut obliquely across 
the defect (Fig 1). The defect was closed with 
Marlex mesh and overlaid by suturing the re- 
maining pectoralis and rectus muscles to it. 

Pathological examination of the resected 
mass demonstrated softening of the articular 
cartilage, disruption of the perichondrium, and 
dense fibrosis and swelling of surrounding in- 
tercostal muscles (Fig 2). Microscopic sections 
demonstrated numerous pseudohyphae within 
the cartilage (Fig 3). An acute inflammatory 
infiltrate was present, eroding the perichon- 
drium and extending into the surrounding 
muscle. Material from the specimen submitted 
for culture grew Candida albicans. The patient 
finally admitted to being a “mainline” heroin 
addict since the age of 17 years, and confessed 
to having administered heroin intravenously 
on occasion in the months preceding hospital- 
ization. He did not have notable venipuncture 
Scars. 

The postoperative course was uneventful. No 
antibiotics or antifungal drugs were adminis- 
tered. The patient was discharged well on the 
seventh postoperative day. 

Seen in the surgical clinic two months after 
discharge, he looked well but admitted "'shoot- 
ing up once or twice." The chest was solid, 
the skin was healthy over the repair, and 
the rib graft was firmly fixed in position and 
was discretely palpable. In a roentgenogram, 
the graft showed no increase in density. The 
patient was scheduled for another visit in three 
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months, but he defaulted and has been lost to 
subsequent follow-up. 


Comment 

In one of the earliest papers on the subject of 
infections resulting from narcotic addiction, 
Hussey and Katz [5] reported that of 365 narco- 
tic addicts admitted in the period 1938 through 
1947, 102 had infective complications: 68% had 
skin abscess; 2996 malaria; 896, bacterial en- 
docarditis; 7%, septicemia; 7% tetanus; and 
4%, thrombophlebitis. The problem of infec- 
tion was related almost entirely to the use of 
heroin; 99 of the 102 patients were addicted to 
this drug while the remaining 3 were addicted 
to morphine. The incidence of complications of 
morphine addiction was found to be only 3% 
compared with 38% for heroin. Reasons for the 
high incidence of complications in heroin ad- 
dicts include the contamination and adultera- 
tion of heroin by the vendors, the technique of 
administration, and the communal use of 
equipment. It is not clear why there is a lower 
incidence of infection in morphine addicts than 
in heroin addicts. 

Most of the organisms responsible for infec- 
tions in addicts are bacterial, especially Staphy- 
lococcus albus and S. aureus and Pseudomonas. 
Tetanus is a recognized risk. Other organisms 
involved have been viral (viral hepatitis), pro- 
tozoal (malaria), and fungal (Candida). In re- 
cent years, the last has been found frequently 
on culture or microscopic examination of 
specimens from lesions, not only in drug ad- 
dicts but also in patients in the surgical and 
medical wards. The factors considered respon- 
sible include the widespread use of antibiotics, 
immunosuppressives, massive operations, and 
prolonged care with multiple “lines” and intra- 
venous hyperalimentation in the intensive care 
unit [1, 2, 8]. 

Candida organisms can disseminate widely 
following candidemia and involve almost all 
organs, including the eye [2] and the skin. Bone 
infection is rare, and involvement of cartilage is 
rarer still. Reports of disseminated candidiasis 
in more than 130 cases mention bone involve- 
ment in only 2. Until recent years, comprehen- 
sive reviews of osteomyelitis [10, 13] did not 
mention Candida as a cause. Our review of the 


literature yielded only 23 well-documented 
cases of Candida osteomyelitis [3, 4, 7] reported 
from 1932 through 1977, and 6 cases of Candida 
costochondritis [12, 14] from 1973 through 1977. 

Candida costochrondritis was reported by 
Williams and associates [14] in 1973 in 4 pa- 
tients after thoracic operations. Thomas and 
colleagues [12] reported the case of a patient 
with Candida costochondritis due to hema- 
togenous dissemination; intravenous hyperali- 
mentation was implicated. We believe the pres- 
ent case report is among the first of a patient 
with costochondritis due to the intravenous 
administration of narcotics. 

The ease of diagnosis of chondritis depends 
on the offending organism. With bacterial in- 
fection, the classic signs of acute inflammation 
are present with or without systemic signs of 
sepsis. With fungal infection or infection with 
bacteria of low virulence (e.g., S. albus), clinical 
symptoms and signs may be sparse, mild, or 
even absent altogether until a chronic persist- 
ing sinus or a nonhealing wound establishes it- 
self. Our patient was seen with a nontender 
mass which gradually increased in size, 
mimicking a chest wall tumor. Whatever the 
presentation, the outstanding feature of chon- 
dritis is its chronicity, owing to the avascularity 
of cartilage. The average duration of illness in 
the series of Williams and co-workers [14] was 
ten months. 

Identification of the Candida organism is 
made by histological visualization of Candida 
pseudohyphae in the yeast, or culture of the 
yeast from material obtained by direct smear, 
needle aspiration, open biopsy, or complete ex- 
cision of the lesion. Our policy in suspected 
malignant chest wall tumors is to avoid needle 
or open biopsy [9] and perform wide excision, 
taking at a minimum the involved rib and a rib 
above and below, with intraoperative frozen 
section of the specimen. As in the present pa- 
tient, the price of this decisive approach, and 
avoidance of the risk of seeding tumor, may be 
a radical operation for a nonmalignant lesion. 

Candida chondritis can be treated with che- 
motherapy, operation, or both. Chemothera- 
peutic agents used include potassium iodide, 
amphotericin B, and 5-fluorocytosine. Potas- 
sium iodide was used with success by Keat- 
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Fig 1. Resection of the chest wall mass and reconstruc- 
tion. (A) The incision is planned so that the suture line 
will be outside any conceivable operative defect. The 
tumor is widely circumscribed, and needle point elec- 
trocautery is used to cut through the muscles. (B) The 
ribs and cartilages are shown already divided laterally, 
and the shears are dividing the sternum in such a way 
as to give the lesion a wide margin. (C) The resultant 
defect with the rib ends shown laterally and the ster- 
num, medially. The lung is exposed since the resection 
involved pleura. An appropriate length of bony rib is 
taken from the left side, the resection being carried 
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down under the muscles as far posterior as necessary to 
get the required length. (D) The length of rib has been 
laid down to overlap the defect and sutured with heavy 
synthetic sutures through and around the rib. The defect 
then is covered with a layer of Marlex mesh, which 
overlaps it on all sides. An additional row of sutures 
will tack the periphery of the Marlex to the muscle. 
Marlex or fascia lata alone, without a strut, or Marlex, 
without an acrylic stiffener, tends to be floppy and 
leave an area of the chest which is soft and shows 
paradoxical respiratory movements. 
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ing [6] in some of his patients with Candida os- 
teomyelitis. Amphotericin B has been shown to 
be effective in the treatment of osteomyelitis 
caused by fungi. The necessity of parenteral 
administration and the frequency and severity 
of toxic effects, especially on the kidneys, argue 
against its use. The oral antifungal drug 5- 
fluorocytosine is well tolerated and diffuses ef- 
fectively into body fluids and tissues. Its two 


main drawbacks are the high incidence of re- 
sistant Candida and the development of in vivo 
resistance during therapy, which can be ob- 
viated by the use of relatively high doses (150 
mg per kilogram of body weight per day) [12] 
for three months. 

Surgical treatment consists of operative de- 
bridement or complete resection of the lesion. 
We agree with Williams and co-workers [14] 
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Fig 2. Cut surface of the transected specimen showing a 
sinus in one cartilage and changes in surrounding 
muscle. 


.t 
- Ps 
e ze 7s i 
ES 
0 ..-7 & ^ 1 
CY Z a 4, ; 
Y 7 j a x 
od - | x MP i 
Ç i 
AAS b c" 
\ 


Fig 3. Photomicrograph of costal cartilage demonstrat- 
ing the organism with pseudohyphae. (Methenamine 
silver.) 


that the preferred treatment is complete surgical 
excision of the involved cartilage. The avascu- 
larity of cartilage contributes to the inability to 
obtain healing without surgical removal of the 
infected cartilage. Williams and associates [14] 
found that none of their patients recovered 
without excision of the involved cartilage, de- 
spite intensive therapy with specific antibiotics 
for long periods of time. Prolonged nonopera- 
tive therapy is futile, and risks the insidious 
spread of infection to adjacent cartilages. 
Whether chemotherapy is required to sup- 
plement resection is uncertain. Williams and 
colleagues [14] recommended that following 
cartilage excision, the wound should be left 
open for topical irrigation with 0.25% acetic 
acid, which was especially effective in the pres- 
ence of Candida. Thomas and associates [12] 
used 5-fluorocytosine postoperatively. Our pa- 
tient serendipitously underwent a radical re- 
section of the chest wall. The planning of the 
operation to avoid any possible contamination 
of the wound with the putative tumor served 
equally well to prevent contamination of the 
wound with the fungus. Given the clean en bloc 
excision performed, we saw no need to institute 
antifungal therapy when the nature of the le- 
sion was discovered a few days later. The pa- 
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tient recovered well without any evidence of re- 
currence or residual infection in the two 
months he could be followed. That antifungal 
chemotherapy may not be necessary, with or 
without operation, is not new. Simpson and 
co-workers [11] found that 4 of their patients 
with Candida osteomyelitis recovered without 
any antifungal drug treatment. This was true 
in 1 of 3 patients reported by Edwards and 
co-workers [2, 3] who believe that in some pa- 
tients in whom Candida susceptibility factors 
such as antibiotics, immunosuppressives, and 
catheters are removed, bone and other Candida 
lesions may heal spontaneously. Whether this 
applies to Candida costochondritis or chondritis 
in other sites is not known. We expect that it 
does not because of the avascularity of cartilage. 
The tedious delay involved in resorption or 
discharge of infected cartilage argues for exci- 
sion, and, given a technically appropriate ex- 
cision as in the present instance, antifungal 
chemotherapy probably is not required. 
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HOW TO DO IT 


Administering Cold Cardioplegia in Patients 
Undergoing Coronary Artery Bypass Grafting 


Bruce P. Mindich, M.D., Roy A. Jurado, M.D., 
Manuel R. Estioko, M.D., and Robert S. Litwak, M.D. 


ABSTRACT In patients undergoing coronary artery 
bypass grafting (CABG), use of hypothermic cardio- 
plegia for myocardial protection may not always 
achieve even cooling in the areas distal to a severely 
obstructed artery. Employing simultaneous myocar- 
dial temperature measurements, we documented 
“warm” areas in some patients having CABG. We 
then devised a technique of combined aortic root and 
This 
achieved prompt cooling of the warm areas and has 


intracoronary cardioplegic infusion. has 
resulted in uniform myocardial temperatures of 5° to 


8°C. 


Hypothermic cardioplegic arrest has gained 
wide acceptance as a major advance in protect- 
ing the myocardium during open intracardiac 
operations. Although a number of issues re- 
main unsettled (for example, optimal tempera- 
ture, constituents, infusion pressure, volume), 
it is elemental that the cold solution must be 
delivered to all areas of the myocardium in 
order to be effective. 

Although uniform distribution of the cardio- 
plegic solution is generally possible, this may 
not always be so when severe coronary artery 
obstructive disease is present [1-3]. On a 
number of occasions following infusion of cold 
(2° to 4°C) cardioplegic solution in patients re- 
quiring coronary artery bypass grafting 
(CABG), simultaneous temperature measure- 
ments in various regions of the heart re- 
vealed uneven cooling, with thermal reduction 
in areas supplied by markedly obstructed coro- 
nary arteries being distinctly less (temperature 
15°C) than the temperature of other areas (5° to 
10°C) where the coronary artery distribution 
was not substantially narrowed. These obser- 
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vations suggested the probability that a vascu- 
lar “steal” phenomenon was operative in which 
the cardioplegic solution was preferentially per- 
fusing the relatively low-resistance coronary 
arteries while underperfusing the severely nar- 
rowed high-resistance vessels. This finding led 
us to supplement our conventional cardioplegia 
procedure with regional infusions in patients 
undergoing CABG. 


Cardioplegia Procedure 

After cardiopulmonary bypass is established 
(perfusion temperature, 20° to 28°C) and the 
left heart is vented, cardiac electromechanical 
asystole is accomplished initially in the usual 
manner by infusion of 1 liter of 2° to 4°C St. 
Thomas' Hospital cardioplegic solution [4, 5] 
directly into the cross-clamped ascending aorta. 
Supplemental topical cardiac cooling with 2° to 
4*C physiological solution is also employed. 

The myocardial temperature is carefully 
monitored. We attempt to place the thermistor 
in an area known to be supplied by a markedly 
obstructed coronary artery. Without firmly 
documented information concerning the opti- 
mal level of hypothermic myocardial tempera- 
ture in humans, we have sought arbitrarily to 
maintain the cardiac temperature below 12°C. 
The aortic root infusion is repeated every thirty 
minutes or earlier if the myocardial temperature 
exceeds 14°C or if electromechanical activity is 
observed. 

After the initial infusion, each major ob- 
structed coronary artery is entered at the site 
to be used subsequently for the bypass graft 
anastomosis and an additional 100 to 150 ml of 
the cardioplegic solution is infused distally 
through an appropriately fitting short plastic 
intravenous catheter* (Figure). The maximal 
permissible infusion pressure is 100 torr. This 


*16 or 18 gauge Angiocath: The Deseret Co, Sandy, UT 
84070. 
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INITIAL 
CARDIOPLEGIC 
INFUSION 


INTENDED 
ANASTOMOTIC 
SE 


The hypothermic cardioplegic solution is infused into 
the cross-clamped aortic root. Then each coronary ar- 
tery to be bypassed is entered, and a supplemental car- 
dioplegic volume is infused. Although not illustrated, 
additional supplemental perfusion of each vein graft is 
performed after the distal anastomosis has been com- 
pleted. (LV. — intravenous.) 


has consistently achieved prompt and substan- 
tial temperature reductions of 5? to 10?C in the 
previously warmer areas, with resulting uni- 
form myocardial temperatures of 5° to 8°C after 
infusion. 

The distal anastomoses are performed first. 
Usually, in the patient requiring multiple sepa- 
rate or sequential grafts, additional supple- 
mental cardioplegic perfusions are carried out 
through the proximal ends of the vein grafts 
when the distal anastomoses have been com- 
pleted and also at the time of any subsequent 
aortic root infusions. 


//SUPPLEMENTAL 
«CARDIOPLEGIC 
/ ÍNFUSION(S) 


PLASTIC LV 
CATHETER 


Comment 
We believe that even cooling and avoidance of 
potentially damaging myocardial thermal gra- 
dients in patients undergoing revascularization 
are best achieved with regional infusion of the 
cardioplegic solution promptly after the initial 
aortic root infusion before any bypass grafting 
is begun and periodically thereafter. Both the 
aortic root and supplemental regional cardio- 
plegic infusions can be carried out simply and 
expeditiously. Our experience with simultane- 
ous cardiac temperature measurements offers 
persuasive evidence that the combined proce- 
dure achieves more effective and uniform 
cooling of all areas of the myocardium and, pre- 
sumably, improves global cardiac protection 
during the ischemia period. The method has 
been employed without discernible complica- 
tion in more than 500 patients. 

There is general agreement that use of 
hypothermic cardioplegia for CABG has been 
one of the major methodological advances re- 
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sulting in a reduction in the incidence of peri- 
operative infarction and other objective evi- 
dence of cardiac damage following CABG in 
virtually all centers. Since CABG mortality has 
been gratifyingly low for a number of years and 
the methods for characterizing small degrees of 
myocardial damage are still relatively crude, it 
is not yet possible to present statistical data 
that persuasively argue that the combined car- 
dioplegic infusion procedure has reduced sig- 
nificantly the already low mortality and inci- 
dence of measurable myocardial damage ac- 
companying CABG. Having said this, we are 
confident that the more uniform distribution of 
the hypothermic cardioplegic solution offered 
by the technique described here cannot but im- 
prove the surgeon's ability to protect the myo- 
cardium during CABG. 
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COLLECTIVE REVIEW 


Recent Advances in the 


Management of Thoracic Surgical Infections 


David B. Skinner, M.D., and P. David Myerowitz, M.D. 


ABSTRACT Current management of infections in 
thoracic surgery is reviewed. The selection of pa- 
tients for the use of antibiotics prophylactically, the 
diagnosis and treatment of pulmonary infection in 
immunosuppressed patients, indications for opera- 
tion in patients with fungal infections, bronchiec- 
tasis, lung abscess, and empyema, and the man- 
agement of mediastinitis after sternotomy and of 
postpneumonectomy space infections is described. 


The management of thoracic surgical infections 
is constantly changing. Since a comprehensive 
discussion of this subject would be too lengthy, 
selective topics in which there is recent change 
or controversy are presented. These include 
the use of prophylactic or preventive antibi- 
otics, the treatment of lung infections in im- 
munosuppressed patients, the management of 
fungal infections and tuberculosis, the current 
treatment of bronchiectasis, lung abscess, and 
empyema, the management of the infected ster- 
num and mediastinum, and the management 
of the infected pneumonectomy space. 


Prophylactic Antibiotics 

Prophylactic antibiotics are indicated in two 
situations: (1) cases in which there is a high 
chance of contamination at the time of opera- 
tion, such as surgical entry into the gastro- 
intestinal or respiratory tract or procedures 
involving a purulent operative site or perfo- 
rated viscus, and (2) clean cases (gastroin- 
testinal and respiratory tract not entered) in 
which cardiovascular devices or implants are 
used. The relative risk of wound infection in 
one large series of consecutive surgical cases 
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was 1.896 in clean cases, 8.996 in clean-con- 
taminated cases, 21.5% in contaminated 
cases, and 38.3% in dirty cases [16]. 

Experimentally, antibiotics given prior to the 
skin incision in wounds inoculated with a 
given dose of pathogenic bacteria prevented 
infection [2, 12]. As the time between incision 
and injection of antibiotics was increased, there 
was a progressive rise in the rate of infection. If 
antibiotics were given four hours after the inci- 
sion was made, the rate of infection was the 
same as if no antibiotics had been given. If 
ischemia was induced by local adrenalin injec- 
tion along with the bacterial inoculum, the 
risk of infection was markedly increased. Anti- 
biotics should be started before the incision 
and continued every three to four hours in- 
traoperatively and postoperatively until the pa- 
tient’s condition is stable and there is little 
chance of decreased tissue perfusion. 

The clinical basis for the use of prophylactic 
antibiotics was established by randomized pro- 
spective studies in general surgery [6, 15, 34]. 
A significant reduction in the incidence of 
wound infections was achieved by antibiotics 
in clean-contaminated and contaminated oper- 
ations on the colon or biliary tract. In pulmo- 
nary and esophageal operations, wound infec- 
tions were markedly reduced following the 
institution of routine antibiotics in all elective 
procedures at one institution [10]. The rate of 
infection also was reduced in patients with 
penetrating chest trauma if antibiotics were 
administered promptly [22]. In addition to 
prophylactic antibiotics, a standard mechanical 
and antibiotic bowel preparation should be 
used in any patient in whom intestinal inter- 
position might be required following esopha- 
geal resection. 

The major controversy involves cardiac oper- 
ations. Although these operations are clean, the 
hazards arising from infection of an intracar- 
diac prosthesis are great. In one study, one or 
more cultures of the operative field, valve 
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prosthesis, donor blood bags, and pump reser- 
voirs were positive in 71% of patients even 
though no endocarditis occurred [28]. Car- 
diopulmonary bypass provides bacteria with a 
direct port of entry into the vascular system 
should there be a break in technique. Phago- 
cytosis is suppressed following cardiopulmo- 
nary bypass [31]. Most surgeons employ pro- 
phylactic antibiotics in these patients even if 
no prosthetic material is implanted, but the 
basis for this practice is not solidly established. 
One study of patients having coronary artery 
bypass showed a 1.8% wound infection rate 
without use of systemic antibiotics and a 1.1% 
infection rate with antibiotics [46]. An earlier 
randomized study in a small group of patients 
showed no difference in overall infection rate; 
but the occurrence of pneumococcal endocar- 
ditis in 2 patients receiving the placebo caused 
the study to be terminated [21]. 

The choice of antibiotic in patients undergo- 
ing cardiopulmonary bypass is controversial. 
Although many centers rely entirely on an an- 
tistaphylococcal drug, a randomized prospec- 
tive study shows significantly fewer urinary 
tract infections, pneumonias, and cases of sep- 
sis or endocarditis in a group of patients treated 
with cephalothin compared with methicillin 
[32]. Wound infections and the rate of positive 
pump cultures are reported to be comparable. 

Antibiotics are given within four hours 
prior to bypass to assure a good blood level in 
adults. Higher doses may be required in chil- 
dren [27]. Since cultures of indwelling catheters 
are frequently positive [28], prophylactic anti- 
biotics are continued until catheters are re- 
moved. Although many centers continue an- 
tibiotics for one week, two or three days is 
probably sufficient. It is important to review 
periodically the organisms encountered and 
their sensitivity in each hospital to determine 
whether the antimicrobial regimen should be 
changed. 

Proper operative technique is vital to main- 
tain a low infection rate [14]. Hemostasis, de- 
bridement of devitalized tissue, avoidance of 
unnecessary tissue damage, careful skin prep- 
aration, maintenance of good blood supply to 
tissues, meticulous closure technique, and 
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choice of suture material can influence the 
likelihood of postoperative infection. The total 
operating room environment including scrub- 
bing techniques, use of detergents and cleans- 
ing agents, operating room traffic, unnecessary 
conversation during operation, and an attitude 
of tight discipline in the operating room con- 
tributes to the overall rate of infection. New 
nurses, medical students, and residents must 
be taught proper sterile technique. Infrequently 
used devices must be resterilized at regular 
intervals. Bacterial counts from various aspects 
of the operating room environment should be 
monitored frequently to prevent the serious 
problem of bacterial overgrowth in cleansing 
solutions, anesthetic equipment, air vents, and 
other surfaces. 


Treatment of Chest Infections 

in Immunosuppressed Patients 

The increasing number of patients receiving 
kidney transplants or cancer chemotherapy 
with resulting immunosuppression has led to 
an increased frequency of unusual pulmonary 
infections. An approach that results in a prompt 
diagnosis and early treatment (Figure) should 
be established at centers treating a large num- 
ber of these patients. Progression from analysis 
of sputum to bronchial brushing and washing 
to open lung biopsy or needle biopsy should 
occur without delay. 

An adequate sputum specimen is obtained 
first either by tracheal aspiration or deep 
cough. If a predominant pathogen is seen on 
smear, treatment is begun while culture and 
sensitivity tests are completed. If the smear 
shows evidence of fungal infection, particularly 
candidiasis or aspergillosis which are normal 
mouth organisms, bronchoscopic brushing and 
washing should be performed to exclude oral 
contamination and confirm the diagnosis. If 
hyphal forms indicating invasive fungus are 
seen on smear, antifungal therapy is begun 
with amphotericin B. 

When no predominant pathogenic organisms 
are seen in sputum and bronchial washings, 
a methenamine silver stain done on a brush 
biopsy specimen can show evidence of 
Pneumocystis carinii. Treatment is begun with 
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Chest roentgenogram 


Suctioned sputum smear and culture 
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Organism identified 


Treat with appropriate 
drug pending final 
culture and sensitivity 


Organism identified 


Treat with appropriate 
drug pending final 


NN 


Organism not identified 


Bronchial brushing and washing 
Stain for bacteria, fungus, 
anaerobes, Pneumocystis 


5s 


Organism not identified 


Needle or open 
lung biopsy 


culture and sensitivity 


Workup of pulmonary infection in immunosuppressed 
patients. 


trimethoprim-sulfa-methoxazol since its side- 
effects are far fewer than those of the previously 
used drug pentamidine. If the diagnosis cannot 
be made and the patient is seriously ill, or if the 
differential between infiltrating tumor, such as 
lymphoma, and infection would result in dif- 
ferent treatment, lung biopsy should be per- 
formed. Although needle biopsy frequently 
provides a diagnosis, open lung biopsy 
through a limited thoracotomy allows the sur- 
geon to obtain a larger specimen from an area of 
obvious disease. 

If a pathogen or tumor still cannot be identi- 
fied, careful studies for viral inclusion bodies 
should be done, and tissue is preserved for 
electron microscopy. Although bleomycin is 
rarely used today, drug-induced pneumonitis 
may be suggested by the presence of giant cells. 

Infection can occur in a patient who has re- 
ceived a transplant or is having cancer chemo- 
therapy. In this instance, a tumor flare-up or 
transplant rejection due to discontinued im- 
munosuppression is preferable to death from 
overwhelming pulmonary infection. 


Fungal Infections 
Fungal infections occur in otherwise healthy 
individuals as well as immunosuppressed 
patients. These organisms can cause a soli- 
tary pulmonary nodule, a cavitary lesion, or a 
fungus ball. Although skin tests determine 
whether a patient has ever been exposed to a 
particular fungus, serum immunodiffusion or 
complement fixation tests detect the presence of 
an active infection. Frequently a certain diag- 
nosis cannot be made preoperatively. If the le- 
sion is calcified and unchanged on roentgeno- 
grams over a period of time, observation alone 
may be indicated. If a thoracotomy is per- 
formed, wedge resection is probably adequate. 
If there is no calcification or if increase in size 
on chest roentgenogram is noted, active fungal 
infection and carcinoma are likely diagnoses. 
Lobectomy is preferred to wedge resection to 
reduce the risk of spread or pleural contamina- 
tion. If the lesion turns out to be fungus, post- 
operative antifungal chemotherapy is urineces- 
sary if there is an adequate margin with no 
spillage. 

Cavitary fungal lesions usually are diagnosed 
by sputum smear and culture and are treated 
with the appropriate antibiotic (Table 1). No 
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Table 1. Current Antibiotics for Pulmonary Fungal Infections 





Drug 
Disease and Organism 1st Choice 2nd Choice 
Aspergillosis, Amphotericin B 
Aspergillus 
North American blastomycosis, Amphotericin B Hydroxystilbamidine 
Blastomyces dermatitidis 
Coccidioidomycosis, Amphotericin B 
Coccidiodes immitis 
Cryptococcosis, Amphotericin B Flucytosine 
Cryptococcus neoformans 
Histoplasmosis, Amphotericin B 


Histoplasma capsulatum 


operation is necessary unless there is substan- 
tial destroyed lung after adequate medical ther- 
apy. If resection is necessary, coverage with an 
appropriate antibiotic, usually amphotericin B, 
is indicated. 

Controversy exists regarding the treatment of 
an aspergilloma or fungus ball. Most series 
show a high incidence of hemoptysis with a 
high risk of death from massive bleeding [19, 
23, 41, 42, 45]. Some authors reported that these 
lesions can remain stable for long periods, that 
hemoptysis is often not severe, and that the 
frequent presence of poor pulmonary function 
increases the risk of operation [20]. Two recent 
reports indicate that the occurrence of an asper- 
gilloma in a tuberculosis cavity may result in a 
higher incidence of fatal hemoptysis [20, 24]. 

At present, it can be advised that resection 
is not necessary for aspergilloma in a patient 
with no hemoptysis. When hemoptysis occurs, 
medical management of the acute episode is 
usually successful. Elective resection is recom- 
mended if the patient's pulmonary function is 
satisfactory. In the poor-risk patient, non- 
operative therapy may be advised although the 
risk of fatal hemoptysis is more likely in the 
patient with an old tuberculosis cavity. Am- 
photericin B does not seem to prevent hemop- 
tysis and is unnecessary for operation unless 
the organism is invasive or has spread sys- 
temically. 


Tuberculosis 
The modern treatment of pulmonary tuber- 
culosis is medical (Table 2). Either a two-drug 


Table 2. Antibiotics Used 
to Treat Pulmonary Tuberculosis 


Drug Dosage 
Isoniazid 300 mg per day orally (may be in- 
creased to 600 mg per day in se- 
verely ill) 
Children: 10-20 mg/kg/day (500 mg 
max) 
Ethambutol 15-25 mg/kg/day orally 
Rifampin 600 mg per day orally 
Children: 10-20 mg/kg/day (600 mg 
max) 
Streptomycin 1 gm per day intramuscularly 


Children: 20-40 mg/kg/day (1 gm 
max) 


combination of isoniazid and ethambutol or 
rifampin or a three-drug regimen of isoniazid, 
rifampin, and ethambutol, or isoniazid, strep- 
tomycin, and ethambutol can be used. In poorly 
nourished adults, 15 to 50 mg a day of pyri- 
doxine are given to reduce the risk of poly- 
neuritis secondary to isoniazid-induced pyri- 
doxine deficiency [18]. 

Resection is indicated under the following 
conditions: (1) an open cavity or severe residual 
noncavitary parenchymal disease and positive 
sputum exist after six months of chemotherapy; 
(2) large nodules more than 2 cm in diameter or 
extensive noncavitary parenchymal disease and 
negative sputum are present and carcinoma 
cannot be excluded; (3) tuberculous bronchiec- 
tasis of the middle and lower lobes occurs; (4) 
hemoptysis recurs or persists; and (5) car- 
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cinoma is suspected. In general, a cavity with 
negative sputum does not require resection. 
However, if the cavity is thick walled, if the pa- 
tient has responded slowly or the organism is 
resistant to antibiotics, or if the patient is likely 
to be unreliable in taking medications, resec- 
tion may be justified. Antituberculosis che- 
motherapy should be continued before, during, 
and after operation. The results of sputum 
culture should be negative (if possible), and 
the patient should be on appropriate drugs and 
should have complete expansion of residual 
lung with filling of the pleural cavity post- 
operatively. 


Bronchiectasis 

With improved antibiotics, pulmonary physical 
therapy, and the current understanding of 
the diffuse nature of the disease, pulmonary 
resection for diffuse bronchiectasis is rarely 
practiced. If bronchial dilatation accompanies 
pneumonia, it can be reversed by medical man- 
agement with antibiotics and bronchial drain- 
age. The basal segments, the lingula, and the 
right middle lobe are most commonly involved 
in localized chronic bronchiectasis [36]. Dilated 
bronchial arteries and bronchial artery-pul- 
monary artery anastomoses might account for 
the reported 40 to 6096 incidence of hemop- 
tysis, which results in surgical consultation 
[38]. Another cause for surgical consultation is 
repeated localized lung infection. Bronchos- 
copy should be performed to rule out tumor, 
foreign body, or extrinsic compression of a 
bronchus by lymph nodes. Cultures are ob- 
tained, and a small polyethylene tube is passed 
for bronchography, which outlines the extent 
of disease. 

Resection may be necessary if medical ther- 
apy fails. Respiratory symptoms can be cured 
by resection in 8096 of patients with localized 
disease compared with 4096 of patients with 
multisegmental disease [44]. The operative 
mortality for resection of localized disease is 
less than 596, and the postoperative complica- 
tions of bronchopleural fistula and empyema 
occur in less than 5% of patients [8, 36-38, 44]. 
Appropriate antibiotic coverage should be used 
preoperatively, intraoperatively, and postoper- 
atively. 


Lung Abscess 

The management of lung abscess has changed 
dramatically in recent years because of in- 
creased effectiveness of antibiotics and the 
knowledge that a persistent pulmonary cavity 
may not always lead to future difficulty [4]. 
Lung abscess can occur as the result of (1) aspi- 
ration, (2) cavitary tuberculosis, fungus, or 
parasitic infection, (3) cavitation of or distal to a 
tumor, (4) foreign body with obstruction, and 
(5) pulmonary infarction [48]. 

Today, pyogenic lung abscess is most often 
secondary to aspiration or inadequately treated 
pneumonia. The posterior segments of the right 
upper or lower lobe and superior segments of 
the lower lobes are most often involved [7, 9, 
39]. Anaerobic organisms are frequently pres- 
ent [5, 30]. High-dose penicillin is the drug of 
choice, with clindamycin reserved for patients 
with a penicillin allergy [1]. Treatment is con- 
tinued for six to eight weeks after fever disap- 
pears. 

Bronchoscopy should be performed early if 
the cavity does not drain spontaneously. To 
rule out foreign body or malignancy, bronchos- 
copy should be performed on all patients with a 
lung abscess prior to discharge. Symptoms per- 
sisting for more than eight to twelve weeks 
prior to treatment, cavity size greater than 3 to 6 
cm, or age greater than 50 to 60 years may re- 
duce the likelihood of successful medical treat- 
ment [3, 29, 32]. Indications for operation are 
as follows: continuing symptoms, thick-walled 
cavity on roentgenogram after prolonged medi- 
cal therapy, severe hemoptysis, and suggestion 
of malignancy. 

Lobectomy is the operation of choice. An 
adequate margin must be taken to avoid cutting 
across infected tissue and contaminating the 
pleural cavity. Care must be taken intraopera- 
tively to avoid spillage of abscess material into 
the other lung by using a double-lumen endo- 
tracheal tube. 


Empyema 

Empyema is most commonly associated with 
acute bronchopulmonary infection. The wide- 
spread use of office antibiotic treatment for res- 
piratory infection may result in inadequately 
treated bacterial pneumonias with eventual 
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pleural infection and chronic empyema. Other 
causes are penetrating chest trauma, esopha- 
geal injuries, iatrogenic contamination of the 
pleural cavity, and subdiaphragmatic infection 
[29, 33]. 

Most acute infections of the pleural space can 
be treated by chest tube insertion and high- 
dose antibiotics. Following full lung expansion 
and resolution of the febrile illness, the chest 
tube can be withdrawn with no recurrence or 
residual pocket. If the entire pleural space is in- 
volved or if there are multiple loculations espe- 
cially near the mediastinum or apex which are 
difficult to drain, early thoracotomy and decor- 
tication are indicated. A thick pleural peel sur- 
rounding the cavity could make the distinction 
between destroyed lung and empyema dif- 
ficult. Thoracotomy is indicated for both situa- 
tions, with the addition of pulmonary resection 
if destroyed lung is found. When the residual 
lung cannot expand to fill the thorax, a 
thoracoplasty is necessary to obliterate the 
space and prevent recurrent infection. 


Postoperative Infections 
The classic treatment for postoperative ster- 
notomy infection is open drainage. If infection 
is diagnosed early, resection of necrotic tissue 
and closure with suction irrigation can yield 
good results with decreased morbidity [11, 17, 
40, 47]. In one series, neomycin and bacitracin 
were used as an irrigating solution, and healing 
occurred after a mean of only twenty-five days 
of therapy [17]. Others have suggested 0.5% 
povidone-iodine irrigation [47]. The exact so- 
lution used is not important as long as it has 
minimal toxicity and is effective against the or- 
ganism cultured. A combination of appropriate 
systemic and topical antibiotics should give 
the best result. If the infection is chronic and 
has caused significant tissue destruction, open 
drainage and dressing changes are necessary. 
When infection involves costal cartilage, all 
contiguous cartilaginous tissue must be re- 
moved. Above the fifth rib, this requires re- 
moval of a short segment of cartilage between 
the sternum and rib edge. Beginning with the 
fifth rib, all costal cartilages interconnect. Since 
this tissue is susceptible to infection and re- 
sponds poorly to antibiotics, resection of all 
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interconnecting cartilages must be performed 
to eradicate the infection. 


Postpneumonectomy Space Infection 
An increasing number of empyemas are being 
reported in patients following lung resection 
[25, 26]. Postpneumonectomy empyema can 
occur weeks to years following operation. The 
etiology in late empyema is unclear, and vari- 
ous organisms are cultured. Staphylococcus au- 
reus is the usual organism early after operation. 
The traditional treatment has been extensive 
thoracoplasty to obliterate the cavity. To avoid 
this mutilating operation, open drainage until 
infection is under control followed by instilla- 
tion of antibiotics and closure is advocated [13, 
43]. Others suggest drainage with two chest 
tubes, one for instillation of antibiotics and the 
other for drainage of the solution [25, 35]. 
While most thoracic surgeons accept the 
value of eventually closing the infected pneu- 
monectomy space with antibiotic solution, con- 
troversy persists as to the initial manage- 
ment of the drainage (closed or open) and the 
choice of antibiotic. Closed tube drainage is 
more easily managed, less bothersome to the 
patient, and, perhaps, quicker. Quantitative 
bacterial counts provide an objective basis for 
timing the closure. Although neomycin and 
bacitracin have been used in the past, ototoxic- 
ity due to absorption from a vascular pleura is a 
major problem. Further trials will be necessary 
to determine the best antibiotic solution. 


Summary 

The problem of infection in thoracic surgery has 
changed dramatically in recent years due to in- 
creased understanding of the use of prophy- 
lactic antibiotics, improvements in surgical 
techniques and technology, and a chang- 
ing spectrum of bacterial and other infections. 
At present, prophylactic antibiotics are used 
widely and effectively in thoracic operations. 
Management of pulmonary infection in the 
immunosuppressed patient is becoming a com- 
mon problem for the thoracic surgeon. Fun- 
gal infections are increasingly prominent in our 
practices, and indications for operation for 
these diseases are evolving. Classic infections 
of the past such as bronchiectasis, lung abscess, 
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and empyema are less frequent and are under- 
going simplifications in treatment. Such dev- 
astating complications as mediastinitis with 
sternal infection or postpneumonectomy space 
infections now can be cured in more than half 
of the afflicted patients without a prolonged 
and mutilating operation. These are important 
recent achievements in the control of infections 
in thoracic operations. 
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REVIEW OF RECENT BOOKS 


Cardiac Anesthesia 

Edited by Joel A. Kaplan 

New York, Grune & Stratton, 1979 
530 pp, illustrated, $44.75 


Reviewed by Dennis T. Mangano, Ph.D., M.D. 


Anesthesia for patients with cardiac disease under- 
going cardiac or noncardiac operations is a rapidly 
growing subspecialty. It now is recognized that 
anesthetics can affect the compromised cardiovascu- 
lar system profoundly; consequently, the anes- 
thesiologist must have a thorough understanding of 
cardiovascular disease in terms of diagnosis and the 
effects of short-term and long-term therapies, surgi- 
cal interventions, and certainly, anesthetic agents 
and techniques. Likewise, these considerations are 
of importance to surgeons, internists, and cardiol- 
ogists involved in the perioperative management of 
such patients. This book represents the most com- 
plete discussion of these subjects to date. Because of 
its clarity, scope, and development, the volume 
will be useful not only to the anesthesiologist, but 
also to his colleagues in surgery, medicine, and car- 
diology. 

Written by the faculty of the Emory University De- 
partment of Anesthesiology, the book is divided into 
four parts: pharmacology and monitoring; disease 
entities and anesthesia; support of the circulation; 
and postoperative care. All the major areas of cardiac 
anesthesia are covered in the sixteen chapters. In 
general, each chapter is well written, well referenced, 
and logically developed. In addition, the book ap- 
pears to be particularly coherent in combining 
physiological and pharmacological principles with 
clinical management. In particular, the chapters on 
electrocardiographic monitoring, preoperative man- 
agement, and acquired valvular heart disease are 
commendable. 

I have three criticisms to make. First, several of the 
anesthetic approaches and therapeutic interventions 
are presented in a personal and anecdotal manner, 
and at times in a prescribed fashion. Although it is 
clear that the techniques are the choice of the con- 
tributors, it would have been beneficial to present 
anesthetic and therapeutic options rather than per- 
sonal preferences. Second, it would have been help- 
ful to have more clinical examples of difficult prob- 
lems, especially in chapters three, seven, and eight. 
This not only would have highlighted the path- 
ophysiological changes, but would have enabled 
the reader to be appreciative of the spectrum of 
therapeutic solutions to these problems. Third, the 
book is expensive. In conclusion, however, I wel- 
come this unique book and recommend it to all clini- 
cians involved in the perioperative care of patients 
with cardiac disease. 


San Francisco, CA 
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Cardiac Pathology 

Edited by Colin Bloor, M.D. 

Philadelphia, J.B. Lippincott Company, 1978 
430 pp, illustrated, $39.00 


Reviewed by Jack N. P. Davies, F.R.C.Path. 


This is an excellent book which fits conveniently 
between the encyclopedic works on cardiac pathol- 
ogy and the shorter manuals. It conveys in succinct 
language the essentials of most of the common car- 
diac diseases and many of the rarities, and the bibli- 
ography is for the most part generously adequate and 
internationally flavored. In these days of worldwide 
travel, it is good to see detailed sections dealing with 
protozoal, helminthic, and fungal infections of the 
heart, and the sections on myocarditis and the car- 
diomyopathies are well set out. The description of 
the chronic lesions of Chagas’ disease was good as far 
as it went; but it could have been expanded to ex- 
plain the curious aneurysms of the apex of the heart, 
which never seem to rupture, thinly walled as they 
are. 

While there are some debatable points in this vol- 
ume, it is a judiciously written personal approach to 
the problems of cardiac pathology, which bears the 
stamp of wide experience. One might question the 
worthwhileness of the first two chapters which study 
briefly the embryology and anatomy of the heart and 
its physiology. Anyone wanting detailed informa- 
tion about these subjects would do well to consult 
other references, although the remaining chapters 
are quite complete. In fact, the first chapters could 
have been replaced with a full description of the 
findings at postmortem examination of a cardiac pa- 
tient, with particular attention given to modern 
technical methods and special approaches. For 
example, there could have been a detailed examina- 
tion of the conduction system. Discussion of these 
failings, however, should not detract from the many 
excellent features of this book, which is perhaps of 
particular use to the surgeon. 


Albany, NY 


Clinical Anatomy of the Heart 

By Robert Walmsley, M.D., and Hamish Watson, M.D. 
New York, Churchill Livingstone, 1978 

229 pp, illustrated, $49.50 


Reviewed by Benson R. Wilcox, M.D. 


The recent renaissance in the study of cardiac 
anatomy is, on the surface, rather puzzling. One 
might think that this subject should have been fairly 
well delineated twenty-five years into the era of 
open-heart operations. However, this is not the case. 
The morphologist still has much to discover; the 
clinician still has much to learn; and both discovery 
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and learning will be greatly enhanced when the two 
specialties find better ways of communicating what 
each knows or needs to understand. Walmsley and 
Watson's Clinical Anatomy of the Heart is a serious 
attempt to improve these lines of communication. 

This book is, in the words of the authors, “an an- 
notated atlas" stressing the study of the heart and 
great vessels as they lie in the living body (though 
many of the illustrations are whole-body sections 
from embalmed cadavers). For the benefit of the 
clinician, most of the terms used are those common 
to clinical practice rather than the more formal, and 
formidable, anatomical nomenclature. The style is 
readable and relatively clear, and the amount of rep- 
etition is reasonable. There is great variation in the 
quality of the illustrations as to clarity of detail or ef- 
fectiveness in illustrating a particular anatomical 
point. I found the line drawings, or schematic dia- 
grams, to be the most useful illustrations and the 
roentgenograms the least helpful. It occurred to me 
that the very wide margins in the book could have 
accommodated additional simple diagrams to clarify 
further the descriptive material in the text. 

All in all, I found the book to be well intentioned 
and rather well written, but only moderately well 
organized and illustrated. Because of these two 
drawbacks, the considerable body of information pro- 
vided does not translate into useful clinical informa- 
tion as readily as I had hoped it would. That is not to 
say there is not a great deal to be learned from what 
the authors have written, and I recommend the book 
for one's reference library. Nevertheless, the ideal "clin- 
ical" cardiac anatomy book has yet to be published. 


Chapel Hill, NC 


Techniques in Vascular Surgery 

By Denton A. Cooley, M.D., 

and Don C. Wukasch, M.D. 

Philadelphia, W. B. Saunders Company, 1979 
282 pp, illustrated, $37.50 


Reviewed by Myron W. Wheat, Jr., M.D. 


Techniques in Vascular Surgery by Denton A. Cooley 
and Don C. Wukasch is a valuable source for all sur- 
geons in cardiovascular and vascular surgery. The 
book is well organized, and the introduction dis- 
cusses the technical aspects, such as lighting, suture 
techniques, instruments, prosthetic graft materials 
and diagnostic techniques. This is an important 
chapter for the beginner, the medical student, the 
house officer, and paramedical personnel. 

Chapters 2 through 18 cover essentially all of the 
various vascular procedures and techniques available 
to the cardiovascular surgeon today. The individual 
procedures are detailed by excellent stepwise illus- 
trations. The text is appropriately concise and to the 
point, adequately though not extensively referenced. 


No2 February 1981 


The index is good. Even more important, the tech- 
niques are substantiated by extensive experience and 
prolonged follow-up, which is detailed in the indi- 
ces. Chapter 19 deals with arteriovenous fistulas and 
Chapter 20 with the difficult complications of vascu- 
lar operations. 

Following the chapters are appendices that detail 
the complications, results, and causes of mortality in 
various series of patients undergoing vascular surgi- 
cal procedures. These procedures include resection of 
abdominal aortic aneurysms, Dacron grafts for 
femoropopliteal occlusive disease, and arterial recon- 
struction. 

This book should be in the library of every cardio- 
vascular or vascular surgeon. It also will serve as an ex- 
cellent ready-reference for medical students, surgical 
house-officers, and personnel in health-related fields. 


St. Petersburg, FL 


Cardiac Valve Prostheses 

By Edward A. Lefrak, M.D., and Albert Starr, M.D. 
New York, Appleton-Century-Crofts, 1979 

419 pp, illustrated, $24.50 


Reviewed by Robert L. Treasure, M.D. 


Cardiac Valve Prostheses by Drs. Lefrak and Starr is a 
well-researched compendium on valvular prosthe- 
ses, which I recommend to all physicians interested 
in valvular heart disease. The book presents no new 
material but rather summarizes highlights of and 
editorializes on accumulated clinical and experi- 
mental experience in a concise way. 

The book is organized into five sections: (1) Back- 
ground; (2) Mechanical Prostheses; (3) Tissue Valves; 
(4) Valve-Containing Conduits; and (5) Clinical Deci- 
sions. The first section contains a delightful chapter 
on the history of valve development and an excellent 
chapter on utilization of available data and statistical 
methodology. Sections Two and Three review a num- 
ber of prosthetic valves. There are descriptions of 
the prostheses and of their hemodynamics, hydro- 
dynamics, thromboembolic rate, mechanical sta- 
bility, and pertinent clinical and experimental data. 
Section Four discusses  valve-containing con- 
duits. Section Five addresses postoperative problems 
and patient-related factors to be considered in 
selecting a prosthesis. 

My one criticism is that the fourth section is far 
too short. Its subject—valve-containing conduits— 
deserves a more extensive discussion. Despite this, 
Cardiac Valve Prostheses should be added to your li- 
brary. The book can be read quickly and easily. The 
outline, references, and style allow quick identifica- 
tion of various valves and their problems. Also the 
book is a good reference for additional information 
on most valves that have been used clinically. 


Sacramento, CA 
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Throughout, the publisher is used as an 
impartial intermediary to insure the 
participant’s anonymity. 


The syllabus is divided into two programs: 


SELF-ASSESSMENT 


* Participant takes the multiple choice 
exam without referring to answers and 
critiques, recording answers on first 
answer sheet. 


Please send me 


Surgery Syllabus at $100.00 per copy. Enclosed is my check in the amount of 


Answer sheet is sent to Kendall /Hunt 
and is machine-scored where a 
distribution of scores (histogram) is 
generated. Kendall/Hunt returns 
participants scores and histogram so 
that performance can be compared with 
other surgeons. 


SELF-EDUCATION 


After appropriate study participant re- 
takes the exam and again receives 
scores together with another histogram. 


Participant will receive a number 
certifying completion of both phases of 
the program and this number can be 
placed in the appropriate space on the 
application for re-certification. 


* Completion of both phases provides 30 
hours of credit toward the prerequisite 
100 hours of continuing medical 
education. 


This Self-Education/ Self-Assessment 
program should be especially helpful to those 
thoracic surgeons who plan to take the 
recertification examination scheduled for the 
fall of 1981. Many of the multiple choice 
questions in that examination to be given by 
the American Board of Thoracic Surgery 
(ABTS) will be taken from this SESATS 
syllabus. 


copy(ies) of the CCCETS: Self-Education/Self-Assessment in Thoracic 
(check 


should be made out to Kendall/Hunt Publishing Company). 


Name 
Address 
City 


Send to: Kendall/Hunt Publishing Company 


2460 Kerper Boulevard * Dubuque, lowa * 52001 


F80-385 


State ZIP 











When it’s time for replacement. 
‘ — Spectrax-VL pacemaker. 


To make it a long time between replace- 
ments, nature often starts small. She con- 
serves energy. And so does Medtronic, in the 
Spectrax-VL. Medtronic provides excep- 
tional longevity and reliable performance in 
a fixed rate pacemaker that’s only 48 grams. 
Spectrax-VL is the new generation of 
pacemakers from the long-lived Spectrax 
family, for your chronic patient who does 
well without programmability. The univer- 
| sal connector means Spectrax-VL accepts 
) most manufacturers' leads without adaptation. 
| And the fixed-rate Spectrax-VL allows you 
to make an automatic threshold safety mar- 
gin check by telephone. 
Spectrax-VL features Medtronic's proven 
constant energy and constant rate. As an in- 
dication of replacement, rate drops 10%. 
Medtronic's technological leadership in 
pacing, leads and support mean you can offer 
many adults and children a more comfort- 
able, normally active life with Spectrax-VL. 
And that’s a tall order. 
Spectrax. Broadening the spectrum of pre- 
cise patient management. 





Medtronic |) 


Leading the way to man’s heart. 


MEDTRONIC PRODUCT 
INFORMATION SUMMARY 


Medtronic® Implantable Pulse Generators 


Intended Uses- Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
labeling for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications —There are no known contraindications 
to the use of pacing as a therapeutic modality for the control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings —Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct labeling for a complete list of warnings and precau- 
tions.) 


Precautions The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted prior to failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 

Side Effects —Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
ponade. 


Model 9700/9701 Programmers 


Intended Use- The Medtronic® Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic® pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
grammer. 


Warnings The programmers should only be used for pro- 
gramming the Medtronic* pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occur if the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
product labeling for a complete list of warnings and precau- 
tions. 











Sportsmedicine 
is expert body work. 


For dedicated athletes and weekend exercisers alike, BP 
THE SPORTSMEDICINE BOOK is the one compre- Pur 
hensive medical and training handbook that gives the | 
latest research, discusses the controversies and sepa- 
rates myth from fact. Gabe Mirkin, M.D., tells you 
what you need to know about: 

m Salt tablets, and why you must never take them 

m Carbohydrate packing —how to, when not to 


w The 5 training rules you must always A 
follow & l 8 y x1 
m Cortisone shots: how they can hurt ou? ——. N \ 
m What to do for tennis elbow | [ 
B Pregame sex —vwill it hurt your performance? ET 
m How to predict and prevent stress fractures and other 
injuries 
m Extra potassium: why it is more important than extra protein 
m Water intoxication and how to avoid it 
B and hundreds of other tips, rules and facts, including diets, 


self-treatments and programs. THE 
SPORTSMEDICINE 
BOOK 


by Gabe Mirkin, M.D. and Marshall Hoffman 










































“This is the book every blistered, aching, ailing 
athlete has long needed. If l'd been able to read 
it when I first decided to get my sagging middle- 
aged body into shape, I could have avoided 
most of the agonies I experienced.” 
—James F. Fixx, author of 

THE COMPLETE Book OF RUNNING 





"My number one Christmas present 
this year for my ‘athletic’ friends.” 
—Arthur Ashe 






Mirkin on 


n | , «I Gabe . 
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Hardcover $12.50 


Paperback $6.95 
A Literary Guild Alternate 
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night. It supplies even more 


c New! 
: — the 23rd edition of the 

= Washington University 
MANUAL OF MEDICAL 
THERAPEUTICS 


by the Department of Medicine 
Washington University School of Medicine, St. Louis 


Edited by Jeffrey J. Freitag, M.D., and Leslie W. Miller, M.D. 





A annes 
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“Since its inception [the Washington Univer- function as an inexpensive, easily read, con- 

. sity MANUAL OF MEDICAL THERAPEUTICS] cise reference work for the older practitioner.” 
has faithfully served scores of medical stu- —Annals of Allergy 
dents and house officers as the general ward’s (about a previous edition) 
Bible in residence’ Over the years, it has "....the friend of students and house officers. 
acquired increasing depth, diversification, and Generations of ripped seams from overbur- 
popularity with a rapidly expanding reading dened pockets of white uniforms attest to its 
audience. ... The Manual has provided an ap- popularity. It remains a worthwhile bargain." 
proach tO a myriad of medical problems for —Archives of Internal Medicine 
hundreds of young physicians. It can also (about a previous edition) 
And now its better than ever! e nutritional therapy: Current, comprehensive, suc- 
The 23rd editions totally diets, oral feedings, total cinct, and absolutely reliable, 
revised, updated and easy-to- parenteral nutrition the Washington University 
find information will see you e immunizations MANUAL OF MEDICAL THER- 
through virtually any problem e drug use during pregnancy APEUTICS, 23rd edition, is 


of medical care 





day or e myocardial infarction unquestionably the most use- 

e hypertension i handbook Pe à Pu 

e rheumatoid arthritis place your order today tor this 
new edition...dont be caught 

e diabetes ) è 

‘ neurolocic etmereencies without the most up-to-date 

Quos 5 | information in your white 
—— 
ESTER coat pocket! 


494 pages. Spiralbound, #924032-76AD1, $12.95 


Clip and mail to: Little, Brown and Company 200 West Street, Waltham, Mass. 02154 


information than previous 
editions with new chapters on 
or expanded coverage of such 
topics as: 


p 

l 

I 

1 Please send me. copw(ies) of Washington Publisher pays postage and handling if payment 

| University: MANUAL OF MEDICAL THERAPEUTICS, — acc mpanies order. Please add sales tax if applicable. 
! 23rd edition (#924032-70AD1) (« $12.95, on 30-day 

! appr wal. 
I 

i 

I 

I 

l 

i 

l 

i 
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[] Please bill me. nanie 

L] My check for $ — is enclosed 

with the understanding that if I am not entirely Address 

satisfied, I may return the book(s) within 30 days 

of receipt for a full refund. Mo asin, Sn PA 


CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 


Cardiovascular and thoracic surgeon, 34, ABS, ABTS, uni- 
versity trained, presently at major university medical cen- 
ter, wishes to enter private practice or relocate to another 
teaching program. Experienced in adult and pediatric car- 
diac, thoracic, and vascular surgery. Will consider all loca- 
tions. CV and operative experience available upon request. 


Please respond to W-238, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 33, ABS certified, ABTS eligible, 
major university hospital-trained in all aspects of thoracic 
and cardiac surgery. No geographical preference. Seeks fac- 
ulty position or association with private group. Available 
July, 1981. 


Please respond to W-241, The Annals of Thoracic Surgery. 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic-vascular surgeon, late 40s, ABS, ABTS cer- 
tified, presently director of cardiothoracic university center 
clinic, highly experienced, seeks affiliation leading to 
partnership or full time in New York or New Jersey. Avail- 
able immediately. 


Please respond to W-248, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 36, ABS certified, ABTS eligible, 
seeking affiliation leading to partnership with a private 
group. AOA, trained in all facets of thoracic, cardiac, and 
peripheral vascular surgery in major university hospital. No 
geographical preference. Available July, 1981. Curriculum 
vitae upon request. 


Please respond to W-249, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A-42 


Cardiothoracic surgeon, 34, trained in UK for last six years 
in all aspects of cardiothoracic surgery. University attach- 
ment welcome. CV and bibliography on request. All situa- 
tions and locations considered. 


Please respond to W-251, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Chief resident, cardiothoracic surgery, 31, university 


trained, research experience, ABS certified, seeks private 
practice with or without academic affiliation July 1, 1981. 
Extensive operative experience in all aspects of the spe- 
cialty; principal interest adult cardiovascular surgery. Cur- 
riculum vitae upon request. 


Please respond to W-252, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and vascular surgeon, 53, ABTS and ABS, wishes 
to join a group and be busy with thoracic and vascular sur- 
gery at one hospital. Teaching affiliation preferred. Will 
soon close solo practice at hospitals begun in 1961. 


Please respond to W-253, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Associate sought in private practice limited to cardiac, 
thoracic, and peripheral vascular surgery. Rural area in 
Midwest. Practice expanding rapidly. ABTS required. 


Please respond to David S. Starr, M.D., 1393 Mt. Everett, 
Hubbard, OH 44425; tel: (216) 568-7433. 


Thoracic-vascular surgeon wanted to join practicing tho- 


racic surgeon. Excellent opportunity for Board-certified 
or Board-eligible thoracic surgeon in growing East coast 
Florida community. Complete training in all aspects of 
thoracic and peripheral vascular surgery required. 


Please respond to A-212, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic surgical group in suburban Boston seeks new as- 
sociate, ABTS certified or eligible. 


Submit resume and CV to A-214, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 


Excellent opportunity to join active private practice limited 
to thoracic, peripheral vascular, esophageal, and pace- 
maker surgery. Noninvasive vascular diagnostic laboratory, 
no cardiac surgery. Medically sophisticated, beautiful sub- 
urb of Washington, DC. ABTS certified or candidate. 


Please respond with CV to A-229, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 


Cardiovascular and thoracic surgical group with busy prac- 
tice in southern California seeks new associate with recent 
training. Applicants must be ABTS certified or eligible. 
Adult cardiac, thoracic, and peripheral vascular training es- 
sential. 


Please respond to A-235, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


General-thoracic-vascular surgeon wanted to associate with 
multispecialty group located in San Fernando Valley. No 
cardiac surgery. Complete training in all aspects of thoracic 
and peripheral vascular surgery required. 


Write and send curriculum vitae to James D. Roorda, M.D., 
Southern California Permanente Medical Group, 4747 Sun- 
set Blvd, #AB 2, Los Angeles, CA 90027. 


Cardiovascular-thoracic surgeon wanted to join large Mid- 
west multispecialty group. Plan adult open-heart program. 
Present thoracic surgeon also doing some vascular and 
general surgery. 


Please respond to A-238, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic-vascular surgeon, Board certified or eligible, 
wanted to associate with thoracic surgeon in private prac- 
tice of thoracic and peripheral vascular surgery, including 
pacemakers, in Monterey Bay area of California. 


Please respond to A-239, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Board-eligible or certified cardiovascular surgeon sought 
by large multispecialty group expanding its cardiovascular 
team to meet demands. Includes all phases of adult and ado- 
lescent cardiac, thoracic, and vascular surgery. 


Send CV or contact M. J. E. Johnson, M.D., or R. E. Hieb, 
M.D., Quain & Ramstad Clinic, P.C., Box 1818, Bismarck, 
ND 58502; tel (701) 222-5413. 


Cardiovascular surgical research and clinical fellowship at 
the Texas Heart Institute. Six-month to two-year programs 
beginning January 1, 1981, within busy circulatory support 
service with emphasis on experimental and clinical me- 
chanical circulatory assistance, i.e., intraaortic balloon 
pumping, left ventricular assist devices, and pharmacologi- 
cal support of the failing circulation. Salary negotiable. 


Please respond to A-242, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic Cardiovascular Fellowship. Fellowships in car- 
diothoracic and peripheral vascular surgery available at 
Nassau Hospital, Mineola, Long Island, NY, as of July 1, 
1981. This 530-bed hospital has ultramodern cardiac surgi- 
cal facilities. Training includes a large variety of cardiac, 
thoracic, and peripheral vascular cases. Applicants should 
be board certified or eligible in general surgery. 


Apply to Dr. M. Mohtashemi, Chief, Thoracic and Car- 
diovascular Department, Nassau Hospital, Mineola, Long 
Island, NY 11501. An Equal Opportunity Employer M/F. 





Cardiothoracic surgical fellowship available beginning 
July 1, 1981, for one or two years. Emphasis on adult cardiac 


surgery. 


Please respond to Division of Cardiothoracic Surgery, De- 
partment of Surgery, Medical College of Pennsylvania, 3300 
Henry Ave, Philadelphia, PA 19129. 


Clinical postresidency available. Fellowship in cardiopul- 
monary surgery available. 


Contact Albert Starr, M.D., University of Oregon Health 
Sciences Center, 3181 SW Sam Jackson Park Rd, Portland, 
OR 97201. 





A-43 


Physician's assistant, cardiovascular surgery. Challenging 
position in expanding cardiovascular-thoracic division of 
modern and progressive medical center. Must have post- 
graduate experience in this specialty and national certifica- 
tion. New position providing opportunity for personal 
growth and job development. Outstanding fringe benefits, 
working conditions, and salary. 


Please write to Vincent Russello, Director of Personnel, St. 
Vincent's Medical Center, 2800 Main St, Bridgeport, CT 
06606; or call collect (203) 576-5271. 





Busy university-affiliated thoracic surgical group in North- 
east seeks associate. All aspects of cardiothoracic surgery 
except open-heart surgery. Must be Board certified or eligi- 
ble. 


Please respond to A-247, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 
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ELECTRICALLY 
SHIELDED CATHODAL 
CONDUCTOR 


GRADE EPOXY 
ALLOWS IMME- 
DIATE VISUAL 
CONFIRMATION OF 
PROPER LEAD 
INSERTION. 
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STREAMLINED, SINGLE- 
RECEPTACLE 
HEADER — SIMILAR 

TO UNIPOLAR 

DESIGNS 


5.3 CM 








DURABLE 

TITANIUM —— — 
CASE, CLINICALLY 
PROVEN CYBERLITH 
CIRCUIT, RELIABLE 
LITHIUM-IODINE 





CELL. 
11CM 47CM 
Intermedics Pulse Generators (1) sick sinus syndrome; (2) chronic, symptomatic sinus syncope). In addition, certain patients present- 
drug-resistant sinus arrhythmias, including sinus ing with intractable, recurrent, congestive heart fail- 
INDICATIONS AND CONTRAINDICATIONS bradycardia, sinus arrest, and sinoatrial (S-A) block ure; cerebral or renal insufficiency; or recurrent, 

The indications for catdiac pacemaking are in- as seen in sick sinus syndrome; (3) chronic, drug- resistant tachyarrhythmias who have been 
creasing as pacemakers become more sophisticated symptomatic second-degree or third-degree A-V shown to benefit from temporary cardiac pacing are 
and as advanced methods for patient management block; (4) recurrent Adams-Stokes syndrome; considered candidates for permanent cardiac 
become more widespread. Generally accepted indic- (5) bradycardia-tachycardia syndrome; pacemaking. 
ations for long-term cardiac pacing include but are (6) symptomatic bilateral bundle branch block; and The indications for permanent pacing in the pres- 


not limited to: (7) hypersensitive carotid sinus syndrome(carotid ence of acute myocardial infarction have not yet 














weight as most unipolar systems; it 
offers remarkable convenience and 
simplicity of use; and it provides: 
unparalleled immunity to non- 
cardiac signals. 


Exceptional Noise And 
Artifact Immunity. 
Intermedics in-line bipolar con- 
cept has added an important di- 
mension to thé ability to reject 
undesired signals. The lead con- 
ductors are coaxial providing 
shielding all the way from the pulse 


generator to the ring electrode. The result is a 
clean, crisp intracardiac signal to the sensing 
circuitry of the pacemaker, free from unwanted 
noise or other artifacts. No other bipolar pace- 
maker available offers this advantage. 


been rigorously defined, Factors to be considered in- - 
clude the location of the myocardial infarct, the 
presence or absence of symptoms, ventricular rate, 
mechanism of rhe arthythmias, and response to 
therapy. In general, symotomatic drug-resistant 
bradyarrhythmias which i impair cardiac output are 
considered indications for pacing in patients with ac- 
curé myocardial infarction, regardless óf infarct 
location. 





trean lines 
pacing. 


~ NEW easy-to-use bipolar 
,t »chnology plus PROVEN 


 CyberLith circuitry. 


The New Standard For Bipolar Pacing. 


Intermedics in-line technology is an entirely new 
concept in bipolar pacing. It permits a bipolar 
pacing system to be as thin, small, and ligne 





NEG.C)  POS.(+) 


CyberLith 


Model 254- 06 


lntermedics Inc. 
FREEPORT, TEXAS 
voo 


VVI VVT 














Simple, Convenient Implantation. 

The CyberLith I model 254-06, the newest 
member of the CyberLith family of pacemakers, is 
the first multiprogrammable pacemaker to use the 


new in-line technology. A simple, 
in-line connector eliminates the 
bulky, bifurcated connectors in 
the pacemaker and the lead. The 
smaller, physiologically compati- 
ble pacemaker fits easily in the 
pocket. 


Intermedics—On The 
Leading Edge Of Pacemaker 
Technology. 


Innovation is not the only reason 
for selecting an Intermedics prod- 


uct. The CyberLith family of pacemakers is un- 


There ate no known contraindications to the use 
of pacemakers as a medical method for control of 
heart rate. However, body rejection phe nomena such 
as local tissue reaction or skin necrosis, muscle and 
nerve stimulation, embolism, and cardiac tamponade 
have béen reported. 


CAUTION: Federal (U.S.A.) law restricts this de- 


Vice to sale by or on the order of a physician. 


surpassed in clinical experience, proven perfor- 
mance and reliability. 

To find out more about the new convenience of 
bipolar pacing, contact your Intermedics represen- 


tative or callus toll-free at 800/231-2330. 


Intermedics lnc. 


P.O. Box 617 


Y 





Freeport, Texas. 7/54! 


A t ir- EM 
Qur business is life. 


©1981 lntermedics, Inc. 
CyberLith® is aregistered trademark of Intermedics, Inc. 





It's no secret William Harvey has a seal and bond is challenged. And 
reputation for reliability. Our PSST every one must hold. Because if they 
(Pressure Standard ScreeningTest) isone ^ can't take the pressure, they don't 
of the reasons why. Every WILLIAM pass the PSST: 


HARVEY oxygenator under- The PSST. Your assurance of 
goes the PSST procedure an oxygenator that is built to 

to ensure the integrity of its exceed your demands. It’s one 
assembly. Our unique PSST more way we back up the 


Monitor automatically pres- nO mu William Harvey check-on-check 
surizes each oxygenator. Every symbol of reliability with facts. 





William Harvey, A Division of C.R. Bard, Inc., 1425 S. Village Way, Santa Ana, California 92705. 
(800) 854-3917. In California (714) 835-2422. 
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Continuous, Accurate 
Monitoring of Patient and 
Solution Temperatures 


P '15hiley Temperature Monitor 


The Shiley Temperature Monitor provides continuous, accurate measurement of patient and 
in-line solution temperatures during open heart and other surgical procedures. The battery- 
operated system measures physiological temperatures between 0° and 40°C with an accuracy of 
+0.3°C. Up to five probes (reusable probes for rectal, esophageal, myocardial, oxygenator and 
in-line solution measurement are available separately) may be connected to the unit. The tempera- - 
ture monitored by a particular probe may be displayed individually by simply pressing the respec- 
tive "Probe Select” button. 

| Thermocouples rather than thermistors are utilized to assure rapid response, accuracy, 
stability and the advantage of interchangeability of probes without recalibrations. 


A display check verifies the unit's proper performance every time the unit is switched on, and 
indicates battery failure or a faulty probe if either condition exists. 

A specially designed holder for pole-mounting of the Temperature Monitor is available for 
convenient use and visibility. The unit may also be placed on any flat surface. Ad 





Oxygenator Probe (TMPO)— 
For measurement of blood tem- 
perature in oxygenator. Fits 
Shiley temperature probe sites; 
10 foot (3 meter) lead with male 


plug. 


In-Line Solution Probe (TMPSI) 
—For measuring temperature 
of the solution flowing through a 
delivery set. 17 gage stainless 
steel probe tip with Luer lock 
connector. Fits standard female 
Luer lock connectors, 10 foot 

(3 meter) lead with male plug. 
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Myocardial Probe (TMPM)— 
For measurement of myocar 
temperature. 23 gage stainle: 
steel hypodermic probe tip w 
10 foot (3 meter) lead and ma 


plug. 


Ae eT eg NP ET AE NI I IS I namne = > — — a 


r3Shiley 


an integral member of the open heart team 


j 


| 


Esophageal Probe (TMPE)— 
For measurement of esopha- 
geal temperature, soft tip, flexi- 
ble vinyl-coated 10 foot (3 meter) 
white lead with male plug. 


Rectal Probe (TMPR)—For 
measurement of rectal tempera- 
ture, soft tip, flexible vinyl- 
coated 10 foot (3 meter) blue 
lead with male plug. 


\ 


Shiley Inc. i.  Shiley-Howmedica 

17600 Gillette Avenue ^ ^" 350 Avenue Louise 

Irvine, CA 92714 USA Boite 17 

(714) 979-0500 B-1050 Bruxelles, Belgium 
(800) 854-3683 Tel: (02649) 6137 

Cable: SHILEYINCIRIN Telex: 26178 PMSEURb 
Telex: 68-5585 





DISPOSABLE Y. SKIN STAPLER 


Faster approximation 
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Excellent control, improved accuracy. 
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Minimal trauma, staples removed easily = 
The PROXIMATE stapler forms virtually inert rectangular- - 
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Consistent, reliable skin coaptation. Designed for precise placement. 
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B. by the staple's legs. tedjo rað 
are minimal. Wider crowns keep the Sapes u uptight 
minimizing rotation, easing removal. - 


Staple counts and sizes for all closing needs RU 
PROXIMATE products are available with regular and wide - 
staples in counts of 15, 35, and 55 to meet closing needs 
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-Staples removed quickly. Superior cosmetic results. 


Extraction easy for surgeon and 
patient. 
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Extractor designed for easy 
removal of staples. Simply 
position jaws beneath staple 
span, squeeze handles until 
fully closed, and lift staple. 
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Because you too venture 
where no man has been. 


You are as surely a pioneer as Charles Lind- 
bergh was a pioneer of the Atlantic. And you 
need pacing systems you can depend on as 
Lindbergh depended on his small plane. 
Hed tested it, proved it, shattered records in 
it. That gave him total confidence in it. 

Medtronic has earned that kind of 
confidence ever since pacemaking began. 
And as you pioneer precise patient care, we 
keep setting the standards for pacing tech- 
nology. We started revolutions with the first 
commercially available temporary pacemak- 
ers, the 6917 sutureless lead, and others. 
Now our new Spectraflex™ positive anchor- 
ing leads and atrial tined J leads let you pass 
two leads in one vein. And, of course, there's 
the Spectrax™SX multi-programmable 
pacemaker, and Medtronic's broad line of 
external products for pacing, monitoring 
and follow-up. 

Medtronic’s breadth of product line is evi- 
dence of our commitment to excellence. 
Medtronic also serves you with Medical 
Data Systems' cardionuclear imaging equip- 
ment, Cardiocare monitoring and arrhyth- 
mia detection, and Hall-Kaster prosthetic 
heart valves. 

You've made us the world's largest pro- 
ducer of pacing and support equipment. And 
we'll keep helping you lead the way. 
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INDICATIONS AND CONTRAINDICATIONS 

The indications for cardiac pacing are increasing as pacemakers 
become more sophisticated and as advanced methods for patient 
management become more widespread. Generally accepted indica- 
tions for long-term cardiac pacing include, but are not limited to: 
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sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, 
symptomatic second-degree or third-degree A-V block; (4) recur- 
rent Adams-Stokes syndrome; (5) bradycardia-tachycardia syn- 
drome; (6) symptomatic bilateral bundle branch block; and (7) 
hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting such symptoms as intractable, 


recurrent congestive heart failure; cerebral or renal insufficiency; 
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candidates for permanent cardiac pacing. 

The indications for permanent pacing in the presence of acute 
myocardial infarction have not yet been rigorously defined. Fact 
to be considered include the location of the myocardial infarct, tl 
presence or absence of symptoms, ventricular rate, the mechanis 
of the arrhythmias, and response to therapy. In general, sympto- 
matic drug-resistant bradyarrhythmias which impair cardiac outp 
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There are no known contraindications to the use of pacemakers 
as a medical method for control of heart rate. However, body rejec- 
tion phenomena such as local tissue reaction or skin necrosis, mus- 


cle and nerve stimulation, embolism, and cardiac tamponade have 
been reported. 


CAUTION: Federal (U.S. A.) law restricts this 
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competitive as the best of them. 
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If changes are required, Cedric's physician can change pacing 
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cialized Intermedics CyberLith pacemakers. These thin, lightweight 
units permit noninvasive programming of stimulation rate, pulse 
width, sensitivity level and pacing mode. And CyberLith’s history of 
reliability is longer than any other multi-programmable pacemaker line. 
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EDITORIAL 


Current Results with the Mustard 
Operation for Simple Dextrotransposition 


Douglas M. Behrendt, M.D. 


It is 15 years since William Mustard and col- 
leagues [1] reported a successful atrial baffle 
procedure on a patient with transposition of the 
great vessels. Within 7 years, Aberdeen [2] was 
able to report a series of 79 patients who had the 
Mustard operation for simple transposition; 


operative mortality was only 15%. Clearly,. 
this represented a major change in the outlook 


for children born with this highly lethal cardiac 
malformation. In subsequent years, the Mus- 
tard operation has become the standard form of 
total repair and, in general, the results have 
been very acceptable. 

With the passage of time, however, vari- 
ous problems with the operation—arrhythmias, 
baffle leaks, vena cava obstruction, and late 
death—have become apparent. Consequently, 
there has been a reawakening of interest in 
other techniques for the repair of transposition. 
They include the "arterial switch" operation 
reported by Jatene and co-workers [3] or vari- 
ous modifications of the Senning procedure 
[4]. Early data indicate that arterial switch oper- 
ations have a high operative mortality but that 
the Senning type of operation can be carried out 
with extremely good results. Thus, those of us 
caring for these patients must now make a 
choice between continuing with the Mustard 
operation or adopting the Senning procedure. 
In making this decision, it is necessary to 
examine the current results being obtained 
with the Mustard operation so that these can 
form a basis for comparison with the results of 
other operations under consideration. 

At the time of its introduction, the Mustard 
operation usually was carried out in early 
childhood following initial palliative Blalock- 
Hanlon atrial septectomy. Since then, the age at 
operation has been steadily lowered. Most sur- 
geons now are comfortable performing this op- 
eration anytime after the patient is 3 months 
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old, and some have performed it regularly in 
even younger infants with success. This reduc- 
tion in the age at operation coupled with the 
success of the Rashkind balloon atrial septos- 
tomy means that many patients avoid having a 
surgical atrial septectomy. Operative mortality 
has been reduced to a current level of less than 
5% at our hospital and other institutions where 
this operation is done regularly. The overall re- 
sults in our group of 68 patients over the 15- 
year period are that 62 are currently alive, 88% 
of whom are asymptomatic without medication 
and 1096 of whom have mild symptoms. There 
has been only 1 late death, which occurred at 
the time of reoperation to correct an obstructive 
baffle. 

One of the first major problems recognized 
with the Mustard operation was the high inci- 
dence of postoperative arrhythmias; specifically, 
atrioventricular dissociation, sick sinus syn- 
drome, and atrial tachyarrhythmias. Elec- 
trophysiological investigations at the Texas 
Children's Hospital [5], the Hospital for Sick 
Children (Great Ormond Street) [6], and else- 
where have demonstrated the importance of 
protecting the sinoatrial node and artery, at 
least one of the internodal conduction path- 
wavs, and the atrioventricular node while the 
repair is being done. Following appropriate 
technical modifications, such as taking care in 
situating the superior vena cava cannula and 
suture line, not incising the coronary sinus, and 
not excising the anterior portion of the atrial 
septum, the frequency of arrhythmias has de- 
creased dramatically. In our hands, the inci- 
dence of normal sinus rhythm in the early post- 
operative period has increased from 58% in the 
first 5 years to 89% in the most recent 5 years. 
Our patients not in sinus rhythm are almost al- 
ways in junctional rhythm with an adequate 
ventricular rate, and these patients frequently 
develop sinus rhythm with exercise. In the 
past, the frequency of normal sinus rhythm 
tended to fall with the passage of time. Re- 
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cently, this tendency has been less marked, but 
its possible occurrence remains a reason for 
close follow-up. 

The next major recognized complications of 
the Mustard operation were baífle leaks or 
obstruction necessitating reoperation in some 
patients because of symptoms from a large 
shunt or from superior vena cava hypertension 
[7]. In our experience, obstruction usually has 
been related to stenosis of the superior vena 


cava baffle where it crosses the cut edge of the 


atrial septum, and leaks usually have been con- 
fined to the area of attachment of the baffle 
to the right atrial appendage in its heavily 
trabeculated portion. In other institutions, 
obstruction of the pulmonary veins or inferior 
vena cava have been more commonly encoun- 
tered. When these problems were recognized, 
the operation was modified by each surgeon in 
his own way with a dramatic improvement in 
results. In our hands, for example, the inci- 
dence of baffle problems has been reduced to 
1196 in the most recent 5 years, and we have not 
reoperated on any patient in the last 4 years. 
Considerable concern has been expressed 
about the long-term fate of the right ventricle 
and tricuspid valve when required to perform 
in the systemic circulation indefinitely. Late 
studies by Graham and associates [8] and Jar- 
makani and Canet [9] have shown that there 
indeed is increased right ventricular end- 
diastolic volume and decreased right ventric- 
ular ejection fraction in these patients at post- 
operative catheterization. The cardiac index has 
been shown to be either normal or slightly de- 
creased at rest but few data have been obtained 
during exercise. The clinical significance of 
these hemodynamic findings is unknown be- 
cause, as already pointed out, the vast majority 
of patients are asymptomatic. A few cases of 
tricuspid valve insufficiency have been re- 
ported, but this appears to be very uncommon. 
From these considerations, we have concluded 
that the results of the Mustard operation in 1980 
are much better than would be expected from 
an examination of the literature, which tends to 
reflect the experience 5 to 15 years ago. The 
major complications of the operation are related 
to technical imperfections which have been 
largely remedied. The current outlook for a 


child born with simple transposition who has 
access to an experienced medical center is ex- 
cellent. We would not expect to lose such a pa- 
tient during balloon septostomy, while await- 
ing total repair, during the Mustard procedure, 
or postoperatively. 

As data on the Senning operation become 
available, it is important that they be compared 
not to results obtained with the Mustard opera- 
tion in the past but rather with those being ob- 
tained at present. Certainly, the Mustard oper- 
ation even now is not perfect, but it is likely 
that the Senning will be equally imperfect. The 
incidence of arrhythmias may prove to be 
similar since the extent of atrial disruption is 
similar. Because the flaps are constructed 
mainly of living tissue, there may be alow inci- 
dence of baffle complications, but their fre- 
quency has been reduced to a very low level 
with the Mustard operation. Both operations 
share the same long-term potential problems 
with the right ventricle and tricuspid valve. It 
has been suggested that the Senning might be 
more suitable than the Mustard for very young 
infants. Since in current practice there is little or 
no attrition in the interval between balloon 
septostomy and subsequent Mustard operation 
in late infancy, there seems to be little major 
motivation for further reducing the age for total 
repair except in that small group of patients 
who do not achieve satisfactory palliation from 
the Rashkind procedure or even from a secon- 
dary Blalock-Hanlon operation. 

Bearing these data in mind, we have decided 
to continue to utilize the Mustard procedure for 
the repair of simple transposition until the 
superiority of another operation is demon- 
strated on equivalent long-term follow-up. 
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ORIGINAL ARTICLES 


Influence of Aspirin and Dipyridamole 
on Patency of Coronary Artery Bypass Grafts 


J. E. Mayer, jr., M.D., Maj, MC, USAF, W. G. Lindsay, M.D., 
W. Castaneda, M.D., and D. M. Nicoloff, M.D. 


ABSTRACT A prospective randomized trial was 
performed to determine if the administration of in- 
hibitors of platelet function would improve the pa- 
tency of coronary artery bypass grafts. Patients were 
operated on for intractable angina with angiographi- 
cally demonstrable lesions. The left internal mam- 
mary artery (IMA) was used for bypass of lesions of 
the left anterior descending coronary artery (LAD). 
Saphenous vein grafts were used for the LAD if the 
IMA was inadequate and for all other vessels. 
Treated patients received 1,300 mg of aspirin and 100 
mg of dipyridamole (Persantine) orally each day. 
Control patients received neither drug. Patients re- 
turned 3 to 6 months after operation for repeat an- 
giography. Results were analyzed by chi-square. 

One hundred seventy-four patients entered the 
study from June, 1973, through December, 1975, and 
113 were analyzed. In the control group, 66 patients 
had 27 IMA-LAD grafts and 93 saphenous vein 
grafts. In the treatment group, 47 patients underwent 
18 IMA-LAD grafts and 75 saphenous vein grafts. 
Ninety-eight of the 120 grafts (8290) were patent in 
the control group, and 87 of 93 grafts (94%) were pa- 
tent in the treatment group (x? = 6.34, p < 0.02). Of 
the 45 IMA-LAD grafts in both groups, only 1 was 
occluded, a patency of 9896. In the control group, 72 
of 93 saphenous vein grafts (77%) were patent. In the 
treatment group, 69 of 75 (92%) were patent (x? = 
6.54, p « 0.02). The results of the study show a 15% 
difference between the two groups in the early pa- 
tency of saphenous vein grafts. We continue to use 
aspirin and dipyridamole to improve the patency of 
saphenous vein bypass grafts. 


Venous and arterial autografts for myocardial 
revascularization must remain patent in order 
to provide continued benefit [1-3], but graft 
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occlusion occurs in 15 to 2596 of grafts within 
the first year [1, 4—12]. In addition, graft occlu- 
sion continues to occur for up to 7 years after 
operation [5]. Since thrombosis has been iden- 
tified as the major cause of occlusion [13, 14] 
and since thrombosis in the arterial system 
is initiated by platelets, we began a trial to de- 
termine whether treatment with antiplatelet 
agents would improve graft patency. Previous 
studies had shown that either aspirin or di- 
pyridamole (Persantine) alone could enhance 
arterial patency after intimal injury to animals 
[15, 16], and other studies suggested that these 
two agents in combination improved platelet 
survival in patients with prosthetic valves [17]. 
Therefore, a combination of these two agents 
was selected for evaluation. 


Materials and Methods 

From June, 1973, through December, 1975, 174 
patients underwent coronary artery bypass 
grafting for refractory angina pectoris using 
standard methods of cardiopulmonary bypass. 
Veins were harvested through a single long in- 
cision and distended with heparin-saline solu- 
tion to test for leaks. Distal anastomoses were 
performed with running sutures of 6-0 Prolene 
for saphenous vein grafts and with interrupted 
sutures of 6-0 Prolene for internal mammary 
artery (IMA) grafts. The IMA was used prefer- 
entially for grafts to the left anterior descend- 
ing coronary artery (LAD) and saphenous vein 
was used for the remainder. All operations 
were performed by cardiovascular surgery resi- 
dents under the direction of one of two staff 
surgeons. At the time of transfer from the in- 
tensive care unit (usually the first postoperative 
day), a card was pulled to assign the patient to 
the treatment or control group. No stratification 
of the randomization process was carried out. 
One group of patients received aspirin, 650 mg 
orally, twice a day and dipyridamole, 50 mg 
orally, also twice a day. Control patients re- 
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ceived neither drug. Patients returned between 
3 and 6 months after operation for postopera- 
tive angiography. Patients undergoing con- 
comitant valve replacement were not entered 
into the study. In addition, patients with a his- 
tory of peptic ulcer disease were excluded. 

Of the 174 patients randomized, 47 patients 
who received the drugs and 66 of the controls 
returned and underwent a satisfactory post- 
operative study. Patients were excluded for the 
following reasons: refusal to undergo angiog- 
raphy (15 patients), intercurrent illness pre- 
cluding restudy (8), failure to return for 
follow-up (32), discontinuance of medication 
prior to study (3), or inability to restudy due to 
arrhythmia during angiography (3). Com- 
pliance was assessed by the admission history 
when the patient returned for angiography. No 
platelet function studies were done. The 1 graft 
that could not be visualized was counted as 
occluded. The radiologist who interpreted the 
postoperative angiogram was unaware of the 
treatment group. Results were analyzed by 
chi-square (x^) method. 


Results | 
The two groups appeared to be roughly compa- 
rable (Table 1) although more of the control pa- 
tients returned. The reason for this difference is 
partially explained by the exclusion of 3 of the 
patients who received treatment but who dis- 
continued medication, and the greater number 
of patients receiving treatment (8 versus 3 con- 
trols) who were excluded because of intercur- 
rent illness or incomplete angiographic study 
postoperatively. The patients receiving drugs 
were slightly older, and the treatment group 
contained a greater percentage of female pa- 
tients. The average number of grafts per patient 
in each group was 1.9. The results did not ap- 
pear to be time dependent because analysis of 
results about halfway through the study (89 pa- 
tients) showed approximately the same differ- 
ence in patency as the final result. No difference 
in patency could be found between patients op- 
erated on by the two staff surgeons involved in 
the study, and there was no difference in 
symptoms between the two groups. Overall 
patency of all grafts was 87% (185 of 213). 
"The patients treated with aspirin and di- 


Table 1. Data for the Two Study Groups 


Treatment 
Group Controls 
Variable (N = 47) (N = 66) 
Mean age (yr) 56.2 52.0 
Male/female ratio — 36:11 57:9 
(7795 men) (86% men) 
Grafts per patient 1.9 1.9 


pyridamole showed a significantly higher pa- 
tency than the controls (Table 2). In the former 
group, overall patency was 9496. In the latter 
group, 8296 were patent. The difference be- 
tween the two groups was statistically sig- 
nificant (x? = 6.34, p « 0.02). 

Then the results were broken down according 
to type of graft used. Of 18 IMA grafts in the 
treatment group, all were patent (10096). In the 
control group, 26 of 27 IMA grafts were patent 
(96%). In the treatment group, 92% of the 
saphenous vein grafts were patent, while 78% 
were patent in the control group (x? = 6.54, p « 
0.02). The results were similar when patients 
rather than grafts were analyzed. In the treat- 
ment group, 41 patients (8796) had all grafts 
open while 6 patients (1396) had 1 graft 
occluded. (No patient in this group had more 


than 1 graft occluded.) In the control group, 46 


patients (7096) had all grafts open while 20 
(3096) had 1 or more grafts occluded. (Two pa- 
tients in this group each had 2 grafts occluded 
[x? = 6.89, p < 0.02].) Patency rates by artery 
grafted (Table 3) with saphenous vein were 
clearly better in the treatment group for each 
vessel grafted except the circumflex system 
where this group showed only slightly better 
patency than the controls. When the results 
were analyzed by sex of the patient, 8396 (30 out 
of 36) of the men in the treatment group had all 
grafts patent while 7296 (41 out of 57) of the men 
in the control group had all grafts patent. The 
differences were greater in women: 10096 (11 
out of 11) in the treatment group had all grafts 
patent while 56% (5 out of 9) of the controls 
had all grafts open. There was no difference 
between the groups in the percentage of grafts 
showing narrowing. 
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Table 2. Graft Patency in the Two Study Groups 


No. of Grafts Total Grafts Percent Difference from 
Group Patent Restudied Patent Control 
Treatment, total 87 93 94 p < 0.02 
Control, total 98 129 82 
Treatment, SVG 69 75 92 p < 0.02 
Control, SVG 72 92 78 





SVG = saphenous vein grafts. 


Table 3. Patency by Vessel Grafted 
with Saphenous Vein? 


Treatment 

Group Controls 
Vessel (%) (%) 
LAD 100 (23/23) 75 (24/32) 
Diagonal 100 (2/2) 80 (4/5) - 
Circumflex 89 (24/27) 85 (23/27) 
RCA or RPD 87 (20/23) 71 (20/28) 


“Numbers in parentheses are number of grafts patent over 
total number of grafts placed. 


LAD = left anterior descending coronary artery; RCA = 
right coronary artery; RPD = right posterior descending 
coronary artery. 


Comment 
Patency of coronary artery grafts is directly re- 
lated to continued benefits from revasculariza- 


tion. Campeau and co-workers [2] showed that. 


patients with recurrence of angina after revas- 
cularization had graft narrowing or occlusion in 
more than 2596 and progressive coronary dis- 
ease in 5096. Others have found a similar re- 
lationship between recurrence of angina and 
graft patency [1, 3]. In addition, Kleinman and 
colleagues [18] found decreased myocardial wall 
function when grafts were temporarily oc- 
cluded in the operating room. Early patency 
(less.than a year) is particularly important since 
the majority of grafts that occlude will do so 
during this period [5, 13]. Despite the obvious 
_ importance of graft patency, however, several 
. series have reported early occlusion rates of 15 
to 2596 [1, 4-12]. 

Intraluminal thrombosis and fibrous intimal 
hyperplasia have been identified as the major 
reasons for vein graft occlusion, and both ap- 
pear to involve platelets. The pathogenesis of 


thrombosis in the arterial system has been well 
described [19]. After endothelial cell damage, 
collagen or basement membrane or both are ex- 
posed to the bloodstream. Platelets adhere to 
these denuded areas and release adenosine 
diphosphate, thromboxane Ag, and serotonin, 
which induce additional platelets to aggregate 
around the area of injury. In addition, platelet, 
factor 3 becomes available to generate fibrin, 
which stabilizes the platelet mass. The pattern 
and velocity of blood flow affect the local con- 
centrations of the aggregating substances and 
determine the extent of thrombus formation in 
the lumen. 

Pathological studies of vein grafts by Vlo- 
daver and Edwards [20] and by Spray and 
Roberts [21] demonstrated that a similar process 
occurs in vein grafts. In the early postopera- 
tive period, vein grafts showed loss of en- 
dothelial lining cells and adherence of platelets 
and fibrin to the denuded vessel wall. In some 
cases this process progressed to complete occlu- 
sion. Platelet fibrin thrombi continue to be a 
major cause of graft occlusion for up to 36 
months after operation [13, 22, 23]. In addition 
to anatomical evidence for the role of platelets 
in graft thrombosis, Steele and associates [24] 
presented data showing that patients under- 
going coronary bypass who had shortened 
platelet survival times were more likely to have 
occluded grafts than those with normal platelet 
survival. 

More recent experiments suggest that platelet 
adherence to the vessel wall may ‘be impor- 
tant in the development of fibrous intimal 
hyperplasia in vein grafts as well. A platelet- 
derived serum factor has been shown to induce 
hyperplasia in smooth muscle cells in vitro [25], 
and morphological studies have identified vas- 
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cular smooth muscle as the cell of origin for the 
fibrous cells of intimal hyperplasia [26]. Areas 
of platelet-fibrin buildup in various grafts sub- 
sequently become areas of intimal fibrous hy- 
perplasia [27]. Experimental evidence thus 
suggests that platelets play a central role in 
intraluminal thrombosis and intimal hyper- 
plasia in saphenous vein grafts. 

Several animal studies indicate that treatment 
with antiplatelet agents can improve patency 
rates in the arterial system after various inter- 
ventions. Mayer and Hammond [16] showed 
that either aspirin or dipyridamole prevented 
acute occlusion of the femoral artery in dogs 
with enzymatic intimal injury. Danese and 
co-workers [15] found a similar effect of aspirin 
in the carotid arteries of rabbits after endar- 
terectomy. In 1979, Bream and co-workers re- 
produced these results in rat carotid arteries, 
and Ricotta and associates [14] found that aspi- 
rin improved the patency of bovine heterografts 
in the venous system. Studies by DeWeese and 
colleagues [27, 29] have shown that fibrous in- 
timal hyperplasia at prosthetic graft suture lines 
and in umbilical vein grafts was reduced in 
dogs by use of aspirin and dipyridamole. Metke 
and co-workers [30] found that treatment with 
these same drugs reduced luminal narrowing in 
dogs with vein grafts in the coronary system. 
These animal studies suggest that platelet in- 
hibitors can improve patency by reducing early 
occlusion due to thrombosis and by reducing 
the late development of fibrous intimal hy- 
perplasia. 

The mechanisms by which aspirin and di- 
pyridamole alter platelet function have recently 
been elucidated [19, 31]. Aspirin irreversibly 
inhibits the enzyme cyclo-oxygenase, which 
catalyzes the formation of cyclic endoperoxides 
from arachidonic acid. Cyclic endoperoxides 
are the precursors from which several prosta- 
glandins including thromboxane A, are de- 
rived. It is currently believed that decreased 
production of thromboxane A, causes the de- 
creased platelet aggregation observed after 
ingestion of aspirin. Dipyridamole inhibits 
phosphodiesterase within platelets, thereby 
leading to a rise in intraplatelet cyclic adenosine 
monophosphate (AMP). This rise in cyclic AMP 
is associated with decreased ability of the 


platelets to aggregate [32]. Thus, aspirin and 
dipyridamole affect platelet aggregation by 
different mechanisms and have an additive ef- 
fect on platelet function. It has also been dis- 
covered, however, that the vessel wall produces 
a prostaglandin (PGI,) that inhibits platelet 
aggregation. PGI, and thromboxane A, are both 
derivea from cyclic endoperoxides, and, there- 
fore, the production of both these prostaglan- 
dins is inhibited by aspirin. There is evidence 
that the blood vessel prostaglandin synthesis 
mechanism recovers more quickly from aspirin 
effects chan that in platelets [31]. A single, 
smaller dose (325 mg to 650 mg) of aspirin 
might b2 more efficacious to maximize platelet 
effects while allowing vessel wall synthesis of 
PG], to recover between doses. 

The current study demonstrated that the 
combination of aspirin and dipyridamole can 
improve the early patency rate of saphenous 
vein artery bypass grafts in humans by 15%. 
The patency rate in the control group is similar 
to that reported in several series for saphenous 
vein coronary grafts [1, 4—12]. Similar improve- 
ment in patency of coronary artery bypass 
grafts was reported by Baur and co-workers [33] 
using sulfinpyrazone to inhibit platelet func- 
tion and sy McEnany and associates [34] with 
aspirin. These findings contrast with those of 
Pantley and co-workers [35] who found no im- 
provement in coronary artery bypass graft pa- 
tency using aspirin and dipyridamole in a con- 
trolled study involving 13 treated patients and 
24 controls. The reason for these differences is 
not immediately apparent although the dosage 
schedule and total amount of aspirin used in 
our study differed from that of Pantley and col- 
leagues [35]. No difference in degree of nar- 
rowing of grafts remaining patent could be 
identified between the two groups. The The expla- 
nation for this finding may be that those g grafts 
with substantial stenoses went a to "A! 
occlusion. \ c2 

The improvement in patendyS 
and dipyridamole was present wi he gr groups” 
were broken down by sex, by vessel grafted Oy 
by patients with patent grafts rather thaiitotal 
number of grafts. However, the randomization 
process clearly failed to provide two identical 
groups primarily because of the difficulty in 
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obtaining postoperative angiography. As a 
consequence, the results may contain an un- 
suspected bias although the group receiving 
aspirin and dipyridamole showed consistently 
higher patency rates than the controls when the 
results were analyzed according to each of sev- 
eral variables. On the basis of this study, we 
continue to administer aspirin and dipyrid- 
amole to patients after coronary artery bypass 
operation in hopes of producing improved 
patency rates. 
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Discussion 

DR. JAMES A. DEWEESE (Rochester, NY): I compliment 
Drs. Mayer, Lindsay, Castaneda, and Nicoloff on 
their timely, well-constructed, and definitive study. 
There are some purists who would criticize them for 
not doing a double-blind study. On the other hand, 
this work shows every evidence of being a well- 
controlled, prospective, randomized study. A 9296 
patency rate for saphenous vein grafts in treated pa- 
tients compared with 77% for grafts in untreated pa- 


tients 3 to 6 months following operation is certainly a 


convincingly significant difference. Of course, one of 
the reasons for my exuberance over this study is that 
I share the authors' prejudice that aspirin and Per- 
santine (dipyridamole) will be found to improve the 
long-term patency rates of all grafts. 

Our laboratory experience indicates that neointi- 
mal fibrous hyperplasia occurring predominantly at 
anastomoses with secondary thrombosis is an im- 
portant cause of late graft failures. Our clinical expe- 
rience with all types of grafts has convinced us 
further of the importance of anastomotic hyperplasia. 
For example, a saphenous vein graft in 1 patient was 
widely patent ten days after operation. Thirty-four 
months later there was distinct intimal hyperplasia at 
the distal anastomosis. 

Using an experimental model of a short bypass of 
the ligated femoral artery, we have evaluated the ef- 
fect of aspirin and Persantine in improving patency. 
Patency was significantly better in the treated ani- 
mals. Pathological specimens confirmed the gross 
observation that there was less anastomotic fibrous 
hyperplasia in the treated animals. 


We are now undertaking a double-blind, ran- 
domized, clinical trial on patients requiring femoro- 
popliteal Gore-Tex bypass grafts. Patients receive 
1 gr of aspirin each day and 75 mg of Persantine three 
times a day, and the control patients receive a pla- 
cebo. I hope this double-blind clinical trial will 
provide as convincing an answer as the study pre- 
pared by Dr. Mayer. 


DR. DENIS H. TYRAS (St. Louis, MO): I congratulate the 
authors on their very elegant study. It was certainly 
very well presented. 

Since beginning coronary artery bypass operations 
at St. Louis University in 1970, my colleagues and I 
have routinely used platelet-inhibiting agents in our 
patients. However, because of the increasing cost of 
Persantine and the report by Majerus and his col- 
leagues at Washington University that aspirin and 
Persantine might not be as effective as aspirin alone, 
in 1976 we switched to the use of aspirin alone in our 
coronary bypass patients. 

Retrospectively, we looked at patients undergoing 
operation in either 1975 or 1977. During the former 
interval, patients received aspirin and Persantine 
and those seen more recently, aspirin alone. Patients 
seen in 1975 were routinely restudied at 1 month and 
1 year after operation, and those seen in 1977 tended 
to be studied more often if they were symptomatic or 
if there was a specific area of interest. Of the patients 
seen in 1975, 180 were restudied at 1 month and 146 
at 1 year. Graft patency in saphenous vein grafts to 
nonendarterectomized vessels was 91 and 8796, re- 
spectively. In the more recent group receiving aspi- 
rin alone, graft patency at 1 month was 9796 and at 1 
year, 88%. There was no statistical difference at 1 
year but there was a statistically significant higher 
graft patency at 1 month in the group treated with 
aspirin alone. 

We thought this might be due partially to the in- 
creasing experience gained by several of the younger 
members of our group. Therefore, we reviewed the 
results of a single surgeon, one of the senior mem- 
bers of our group, during the same two intervals. 
There was no significant difference in graft patency 
at 1 month and 1 year whether aspirin and Persantine 
or aspirin alone was used. There is a suggestion of a 
slightly higher graft patency in the group receiving 
aspirin alone but this was not statistically different. 

My question for the authors is whether they think 
the combination of aspirin and Persantine is more 
effective than aspirin alone. 


DR. GERALD M. LAWRIE (Houston, TX): Our experi- 
ence indicates that the graft patencies observed in 
follow-up are highly dependent on the patient 
population selected and the time at which the study 
is done. My associates and I have found that there is 
a spread of more than 20% in our results depending 
on these two factors. ` 
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One problem is that the highest patencies are ob- 
served early. At 6 months, a number of authors have 
reported patencies on the order of 9096 without the 
use of aspirin or Persantine. Therefore, the following 
question should be raised: If this therapy is effective, 
why aren't the patencies observed with therapy even 
higher? 

It is obvious that the methodology used to ensure 
that the groups compared are strictly comparable is 
critical. In this study involving relatively small 
groups of patients, were the patients randomized ac- 
cording to stratification by important clinical vari- 
ables preoperatively? These variables include not 
only age and sex, but also left ventricular function, 
the extent and severity of coronary artery disease, the 
size of vessels at operation, and the graft flows. Were 
they all comparable in these groups? Furthermore, 
was this comparability preserved after the 3596 loss 
in study population at the time of follow-up? This is 
important. The authors mentioned that more of the 
control patients returned than the treated group. In 
our experience, it is easier to see the symptomatic 
patients again. They return in 7 to 12 months with 
symptoms, and their graft patency is poorer. Were 
the clinical aspects of the patients returning identical 
. in each group? 

In the abstract, the authors mentioned that the 
IMA grafts were included. What were their relative 
patency rates by vessel? 

In closing, I mention a study published in The New 
England Journal of Medicine in November from the 
University of Oregon, in which 9296 patency was 
obtained in LAD grafts in all groups with or without 
therapy. The conclusion of the authors was that there 
was no statistically significant difference in patency 
with or without treatment. 


DR. MAYER: I thank Dr. DeWeese for his comments. 
We share his feelings. 
I don't think that I can comment very effectively on 


aspirin versus aspirin and Persantine, the point that 
Dr. Tyras raised. We clearly did not attempt to study 
the differences between those two groups, the com- 
bination versus the single agent. Perhaps the only 
comment that I can offer is based on the fact that as- 
pirin and Persantine do appear to work at different 
points in the metabolic pathways and that perhaps 
there is some advantage from an additive standpoint. 
Certainly when we went into this study it wasn't at 
all clear how aspirin or Persantine worked, except 
that in vitro studies and some animal studies sug- 
gested that they appeared to have some effects on 
platelet function. 

Dr. Lawrie has raised some important points, I be- 
lieve. We did not stratify the patients any more than 
we have just reported. We, too, were concerned that 
we got back more control patients than treated pa- 
tients. There appeared to be no difference in the 
symptomatic status of the patients on their return, 
and we don't believe that there was an intrinsic bias 
in that regard. Those data were considered, and there 
appears to be no difference in symptomatic status 
between the groups. Other than breaking the vessels 
down by IMA to LAD grafts, of which there were 
45, there was no further breakdown according to 
which vessels were patent and which were occluded. 

In regard to the study from the University of Ore- 
gon, it involved only 50 patients. Thirteen of them 
were included in the aspirin and Persantine group, 
13 had warfarin, and the remainder were the con- 
trols. The study was stopped at that point because 
the authors projected that there would be no differ- 
ence, based on the trend. I am not sure why they ob- 
tained the results reported. About halfway through 
our study, we looked at the data when we had 89 
patients in the study. At that point the percentage 
differences were comparable, and the difference was 
12%. Now, the completed study shows a 15% differ- 
ence. We don’t think that there was any bias in re- 
gard to time. 


Prophylactic Antibiotics in Pediatric 
Cardiovascular Surgery: Current Practices 


Howard Faden, M.D. 


A 


ABSTRACT A survey of 23 pediatric cardiovascular 
surgery programs demonstrated uniform use of 
prophylactic antibiotics for open-heart operations. 
Only 65% of the programs used prophylaxis for re- 
pair of patent ductus arteriosus. Cephalosporins 
were the most frequently used antibiotics, but 
aminoglycosides in combination with penicillins 
were used in approximately 25% of the operations. 


Antibiotics were most often started prior to opera- 


tion (89.7%) and continued for less than five days. 
These data demonstrate that the use of prophylaxis 
in pediatric cardiovascular operations conforms to 
current guidelines. 


Prophylactic antibiotics are used in general for 
open-heart operations. Current recommenda- 
tions include either a penicillinase-resistant 
penicilin or a cephalosporin administered 1 
to 2 hours before, during, and up to 72 hours 
after the operation [1, 2]. It is unclear whether 
these recommendations pertain to children 
as well as adults. In order to establish guide- 
lines for the pediatric surgical program at 
Children's Hospital, we began by conducting 
a survey of 23 pediatric cardiovascular surgery 
programs throughout the United States. The 
results of the survey are presented in this re- 
port and demonstrate a uniformity in the prac- 
tice of prophylaxis. 


Methods and Materials 

A questionnaire was designed to obtain infor- 
mation about the use of prophylaxis for five 
commonly performed open-heart operations 
and one closed-heart operation. Information in- 
cluded the specific antibiotics used, the time of 
the initial antibiotic dose, and the duration of 
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antibiotics. Space for additional comments was 
also provided. The questionnaires were sent to 
the chiefs of pediatric cardiovascular surgery in 
31 major medical centers throughout the entire 
United States. Because certain centers did not 
perform all of the types of operations and be- 
cause responses were not always complete, the 
results are presented as the proportion of those 
responses for each question. 


Results 
USE OF PROPHYLAXIS. Twenty-three of 31 (7496) 
centers responded to the questionnaire. Pro- 
phylactic antibiotics were reportedly used in 
nearly 10096 of repairs of atrial septal defect, 
ventricular septal defect, tetralogy of Fallot, 
transposition of the great vessels as well as 
valve replacements (Table 1). Only 6596 of the 
centers used prophylaxis for repair of patent 
ductus arteriosus (PDA). Prophylaxis was used 
more often for this closed-heart procedure if the 
patient was a neonate or was severely ill. 
ANTIBIOTICS USED. The same type of anti- 
biotic was used for each different operative 
procedure in a single institution. Cephalospo- 
rins were employed in 73.896 of the operations 
in which there was prophylaxis utilization 
(Table 2). Combinations of a penicillin and an 
aminoglycoside were used in the remaining 
26.2%. Aminoglycosides were used more often 
in very young patients. One center used a 
penicillin combined with an aminoglycoside 
for children less than 2 years old, and a 
cephalosporin for older children. The antibiotic 
regimen was also changed for specific situa- 
tions in which a certain pathogen was foreseen. 
TIME OF THE INITIAL DOSE. The first dose was 
given most often before the operation (89.796) 
(see Table 1). Although the majority of drugs 
were started within 4 hours of the operation, 
33.3% were begun between 12 and 24 hours 
prior to operation. Antibiotics were given first 
during the operation in 10.396, but were never 
started after the operation. 
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Table 1. Prophylaxis, Time of Initial Dose, and Duration in Six Common Cardiovascular Operations 


Variable ASD VSD 
Use of prophylaxis 22/23 22/22 
Time of initial dose 
Preoperative 20/22 19/22 
During 2/22 3/22 
Postoperative 0 0 
Duration (days) 
<3 11/22 8/22 
4—5 10/22 13/22 
6-10 1/22 1/22 
>10 0 0 


TOF TGV V PDA 

22/22 22/22 23/23 15/23 

20/22 20/22 20/23 14/15 
2/22 2/22 3/23 1/15 
Ü 0 0 0 
9/22 9/22 8/23 9/15 

12/22 12/22 13/23 5/15 
1/22 1/22 2/23 1/15 
Ü Ü 0 Ü 


ASD = atrial septal defect; VSD = ventricular septal defect; TOF = tetralogy of Fallot; TGV = transposition of great vessels; 


V = valve; PDA = patent ductus arteriosus. 


Table 2. Prophylactic Antibiotics in Six Common Cardiovascular Operations 


Antibiotic ASD VSD 
C 15 15 
PrP + A 3 3 
Am + A 1 1 
P+A 1 1 
PrP + Am 1 1 
C, Prp AAP 1 1 
P 0 0 
None 1 0 
Total 23 22 


TOF TGV V PDA 
15 15 16 12 

3 3 3 0 

1 1 1 1 

1 1 1 0 

1 1 1 1 

1 1 1 0 

0 0 0 1 

0 0 0 8 
22 22 23 23 


2One center used C for children > 2 years old, and PrP + A for children < 2 years old. 


C = cephalosporin; PrP = penicillinase-resistant penicillin; A = aminoglycoside; Am = ampicillin; P = penicillin G; other 


abbreviations same as for Table 1. 


DURATION OF PROPHYLAXIS. Forty-three per- 
cent of the antibiotics were discontinued with- 
in three days and another 52% by five days (see 
Table 1). The remaining 5% were continued 
through ten days. 


Comment 

The results from this survey demonstrate clearly 
that the use of prophylaxis in pediatric car- 
diovascular surgery is widespread, and that, 
in general, it conforms to current recom- 
mendations [1, 2]. Prophylaxis was employed 
in all open-heart procedures, but in only 65% of 
repairs of PDA, the only closed-heart operation 
included in the survey. The lack of uniformity 
in the use of prophylaxis for PDA repairs sug- 
gests a need to review the risks of infection as- 
sociated with this operation. Bacterial endocar- 


ditis is exceedingly rare after repair of aPDA, a 
result that is unlike the risk in prosthetic valve 
operation without prophylaxis [3, 4]. Although 
there is a lack of strong evidence supporting the 
efficacy of prophylactic antibiotics in cardiovas- 
cular surgery, fear of a disastrous postopera- 
tive infection is great; therefore, prophylaxis 
generally is recommended [5, 6]. Even though 
either a penicillinase-resistant penicillin or a 
cephalosporin is recommended currently, re- 
cent evidence suggests fewer urinary tract in- 
fections, pneumonia, sepsis, and prosthetic 
valve endocarditis with a cephalosporin [7]. 
The need for an aminoglycoside antibiotic in a 
prophylactic regimen has not been proved, 
even though infections due to cephalosporin- 
resistant gram-negative bacilli occur occasion- 
ally. Because the incidence of postoperative in- 
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fection is low, the routine use of a potentially 
toxic drug such as an aminoglycoside for 
prophylaxis is to be questioned; however, more 
information is needed. 

Ninety percent of the prophylactic antibiotics 
reportedly used in this survey were begun prior 
to operation. This conforms with the observa- 
tion that antibiotics need to be present at the 
time of operation in order to prevent infection 
(8, 9]. However, almost one-third of the first 
doses occurred between 12 and 24 hours prior 
to operation. Recent studies suggest that early 
institution of prophylaxis is unnecessary, and 
that it is only important for the antibiotic to be 
administered several hours before operation to 


ensure sufficient tissue levels of the drug [10, ' 


11]. 

Antibiotics were discontinued by the fifth 
postoperative day in 9596 of the centers. The 
continuation of antibiotics beyond two days is 
discouraged at present because prolonged use 
is without benefit, and may actually increase 
the risk of infection with highly resistant bac- 
teria [12, 13]. 

In summary, prophylaxis in pediatric car- 
diovascular operations conforms to the current 
recommendations. There appears to be need for 
further studies, however, especially in closed- 
heart operations such as repair of PDA. The 
value of aminoglycosides requires further ex- 
amination. It must also be determined whether 
or not infectious complications in cardiovascu- 
lar operations in children are different from 
those in adults. 
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Influence of Potassium Cardioplegia 
versus Ischemic Arrest on Regional Left 
Ventricular Diastolic Compliance in Humans 


John D. Slack, M.D., John V. Zeok, M.D., James S. Cole, M.D., 
Henry G. Hanley, M.D., Allen L. Cornish, M.D., and Harlley E. McKean, Ph.D., 
with the technical assistance of Katherine A. Fowler, B.S. 


ABSTRACT To compare the effects of hypothermic 
ischemic arrest versus hypothermic potassium car- 
dioplegia, regional left ventricular performance was 
monitored in 20 adult male patients undergoing 
saphenous vein bypass operation. Twelve patients 
received ischemic arrest (Group 1), and 8 received 
potassium cardioplegia (Group 2). Groups 1 and 2 
did not differ in left ventricular ejection fraction 
(0.62 versus 0.60), number of bypassed vessels (3.7 
versus 3.4), mean cross-clamp time (75 versus 63 
minutes), or mean cardiopulmonary bypass time 
(182 versus 170 minutes). Before cardiopulmonary 
bypass was begun, a pair of ultrasonic crystals was 
secured in the left ventricular anterior myocardium 
to measure segment motion and a micromanometer- 
tipped catheter was placed in the left ventricular 
chamber. All patients received a saphenous vein 
bypass graft to a vessel supplying the anterior left 
ventricular wall in the region of the ultrasonic crys- 
tals. 

Comparison of changes in systolic measurements 
revealed no significant differences between Groups 
] and 2. After saphenous vein bypass grafting, the 
left ventricular end-diastolic pressure (11.4 to 17.0 
mm Hg) and modulus of left ventricular segment 
stiffness (0.37 to 0.67, p < 0.02) were elevated in 
Group 1 but no changes were observed in Group 2 
(14.0 to 15.6 mm Hg, and 0.16 to 0.24, respectively). 

Compared with hypothermic ischemic arrest, 
hypothermic potassium cardioplegia is not associ- 
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ated with an increased left ventricular diastolic stiff- 
ness shortly after saphenous vein bypass grafting in 
humans. 


Following its introduction by Melrose and co- 
workers [1] in 1955, the logic of pharmacological 
cardioplegia appealed to surgeons interested in 
preserving myocardial energy stores while 
performing cardiac procedures of extended du- 
ration with a quiet, bloodless field. However, 
serious complications (myocardial necrosis and 
refractory arrhythmias) were observed with the 
administration of "Melrose solution” to rats [2], 
dogs [3, 4], and humans [5], and its use was 
abandoned for a decade. Within the last few 
years, pharmacological cardioplegia has re- 
turned to clinical use, with good results in 
general [6—8]. Its return was stimulated by the 
carefully conducted animal experiments of Gay 
and Ebert [9] and other investigators [10-13] 
whose work resulted in modifications of the 
potassium concentration, osmolarity, and pH. 
Although pharmacological cardioplegia ap- 
pears to provide prolonged protection for the 
myocardium in the animal model with homo- 
geneous myocardial perfusion, direct extrapo- 
lation to the human undergoing coronary artery 
bypass grafting to repair regional perfusion 
defects cannot necessarily be made [14]. For this 
reason, we studied two groups of patients un- 
dergoing coronary artery bypass grafting for 
stable angina pectoris that were matched for 
coronary anatomy and ventricular function. The 
initial 12 patients were operated on with hypo- 
thermic ischemic arrest (Group 1), whereas 


the subsequent 8 patients received hypother- 


mic potassium cardioplegia (Group 2). The left 
ventricular hemodynamics before and after sa- 
phenous vein bypass and regional wall motion 
measüred intraoperatively in these patients 
provide the basis for this report. 
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Materials and Methods 

Twenty patients referred to the Lexington Vet- 
erans Administration Medical Center for evalu- 
ation of stable angina pectoris gave their in- 
formed consent to participate in this study. 


Each patient had New York Heart Association . 


Functional Class III or IV angina pectoris which 
was refractory to medical management with 
propranolol and nitrates, with appropriate con- 
trol of risk factors. Preoperative cardiac cathe- 
terization was performed in the postabsorp- 
tive state with orally administered diazepam 
for mild sedation. Intracardiac pressures were 
measured and biplane left ventricular cine- 
angiography performed. Selective coronary 
arteriography was done by the Sones tech- 
nique. Quantitative biplane regional wall mo- 
tion analysis was performed as previously 
reported from our laboratory [15]. Coronary 
cineangiography was reviewed by three experi- 
enced observers, and all lesions were graded 
using calipers. Agreement among all three 
observers was necessary for their findings to be 
included in the results. 


Instrumentation 

Regional left ventricular wall motion (segment 
length), left ventricular pressure, and scalar 
electrocardiogram were monitored continu- 
ously during operation. A continuous measure 
of regional myocardial wall motion was ob- 
tained using an ultrasonic segment length 
gauge that records the distance between a pair 
of ultrasonic transducers (piezoelectric crystals) 
implanted in the myocardium. Use of this 
gauge in humans has been reported previously 
from our laboratory [16] and that of others [17]. 
With care taken to avoid epicardial vasculature 
and myocardial scar, the crystal pair is sutured 
into the left ventricular midmyocardium (depth 
of placement = 3 mm) in the distribution of the 
left anterior descending coronary artery and 
aligned to reflect circumferential rather than 
longitudinal fiber shortening. Each crystal is 
approximately 1.5 mm in diameter, and they 
are placed approximately 1 cm apart (Fig 1). 
When removal is desired at the completion of 
the surgical procedure, the suture is cut and the 
transducer crystal easily removed by pulling it 
from the myocardium. No complication from 





Fig 1. Instrumentation utilized intraoperatively. See text 
for details. (PV = pulmonary vein; SVC = superior 
vena cava; AO = aorta; PA = pulmonary artery.) 


crystal insertion was encountered. This tech- 


nique for crystal placement is that of Theroux 


and colleagues [18], with the addition of suture 
stabilization to prevent crystal motion or dis- 
lodgment during the cardiac manipulation re- 
quired during saphenous vein bypass graft 
placement. 

The left ventricular pressure is measured 
with a Millar PC-350A pressure transducer with 
appropriate amplifier box. A No. 14 Jelco cath- 
eter is used to insert a 4F Millar catheter into the 
right posterior superior pulmonary vein, and 
the catheter is advanced into the left ventricle 
using the on-line pressure measurement as a 
guide to its placement. The Jelco catheter is 
then removed from the pulmonary vein and the 
Millar catheter secured in place. The Millar 
catheter was calibrated electronically at the time 
of initial implantation (following prewarming) 
and then balanced against a mercury manome- 
ter at the conclusion of the procedure. Data 
from 2 patients were excluded because of in- 
traoperative “drift” of the left ventricular pres- 
sure measurement. 


216 The Annals of Thoracic Surgery Vol 31 No 3 March 1981 


Scalar electrocardiogram of a modified lead lis 
obtained by paralleling the output of a 
patient-monitor rather than adding a patient- 
isolated electrocardiogram amplifier to the sys- 
tem. 


Operative Technique 

Following induction of anesthesia, median 
sternotomy, and systemic heparinization, the 
patients were cannulated for cardiopulmonary 
bypass with the arterial cannula placed in the 
ascending aorta and venous lines placed 
through the right atrium into the superior and 
inferior vena cava. The Millar catheter and ul- 
trasonic crystal transducer pair were then 
placed as described, which requires approxi- 
mately 10 minutes. Baseline recordings were 
obtained and the selected means of myocardial 
preservation instituted. 

Group 1 had intermittent hypothermic isch- 
emic arrest. Following the institution of hemo- 
dilution cardiopulmonary bypass with moder- 
ate hypothermia (28°C), the saphenous vein 
bypass procedure was performed utilizing 
ischemic arrest with intermittent aortic cross- 
clamping, never longer than 30 minutes. A 
5-minute period of reperfusion was performed 
after each cross-clamp period. The left ventricle 
was vented to prevent overdistention, and the 
mean arterial pressure was maintained between 
80 and 100 mm Hg. All distal grafts were done 
first; proximal grafts were performed on car- 
diopulmonary bypass. Lactated Ringer’s solu- 
tion at 4°C was dripped into the pericardial well 
during the aortic cross-clamp period in both 
groups. 

Group 2 had hypothermic potassium cardio- 
plegia. After institution of hemodilution car- 
diopulmonary bypass, the aorta was cross- 
clamped and the proximal ascending aortic root 
and coronary arteries were perfused with 1 liter 
of hypothermic potassium cardioplegia at 4°C. 
The potassium infusate for cardioplegia [6] 
used in this series of patients was formulated as 
follows: potassium, 20 mEq per liter; sodium, 
27 mEq per liter; magnesium, 3 mEq per liter; 
chloride, 47 mEq per liter; tromethamine, 2 
mEq per liter; dextrose, 5%. The osmolarity was 
347, pH of 7.6. All the distal anastomoses were 
performed prior to the proximal anastomoses, 


and the left anterior descending coronary artery 
bypass was always done first. At the comple- 
tion of each of the distal anastomoses, 150 to 200 
ml of hypothermic cardioplegic solution was 
instilled through the vein graft into the area 
perfused by the vein graft. As in Group 1, left 
ventricular venting and systemic perfusion at 
80 to 100 mm Hg were performed. 

After both distal and proximal anastomoses 
were completed, rewarming was instituted in 
both groups and electrical defibrillation ac- 
complished if it had not occurred spontane- 
ously. The left ventricular vent was then re- 
moved, cardiopulmonary bypass discontinued, 
and volume replacement adjusted to obtain a 
stable blood pressure and heart rate. The final 
data were recorded, the segment length crystals 
and the Millar catheter were removed, and the 
chest was closed in the normal fashion. All pa- 
tients were hemodynamically stable at the time 
of final data recording, and no patient required 
pressor support at this time. 


Data Acquisition 
The signal of left ventricular anterior wall seg- 
ment length from the pair of implanted piezo- 
electric transducers was processed by dimension 
gauge electronics. The resultant analog sig- 
nal was displayed in real time on a Gould Brush 
Model 2200 oscilloscope for viewing and stored 
on a Hewlett-Packard 396-4A four-channel in- 
strumentation tape recorder. The data tapes 
were later replayed with transcription of all 
measurements onto a Gould Brush eight- 
channel recorder. The first derivative of left 
ventricular pressure (dP/dt) was calculated 
electronically and displayed, and the left 
ventricular pressure tracing was expanded to 
allow the diastolic compliance measurements. 
Data were recorded continuously throughout 
the entire operative procedure. A log of the re- 
cording period was made at slow paper-speed. 
Selective data were evaluated at 100 mm per 
second chart-speed. For this study, data were 
analyzed before institution of cardiopulmonary 
bypass and just prior to chest closure after car- 
diopulmonary bypass had been discontinued 
(Fig 2). 

Initial statistical analysis was performed 
using the paired t test. The Wilcoxon signed 


4 
? _ 


217 Slack et al: Potassium Cardioplegia vs Ischemic Arrest 


Yi t ay. El [rs ^ H WR car Sy 
A Ec x M LE. 
00 .ucE EC Ow oco ogg ce a 
À * 
mass : "a d igo 
E 
ION ; ; 
n x x 
. t c3 
Rape é b RN k 
x sx Sum 
um : i etg OW YA. x 
" Ld wet [T £z b 
* Cees 


PC aed Yad 
RS " fm y Sher 
3 tane te p M n M. 
xi CIN. o Bed pA, a 





LV PRESSURE - | 


LV PRESSURE. : 
(mmHg) - 
Expanded scale. 







LV SEGMENT - 3 : 
LENGTH 
(mm) 


Fig 2. Example illustrating preoperative and postopera- 
tive graphics. See text for details. (SVBP = saphenous 
vein bypass grafting; LV = left ventricular; ED = end 
diastole; ES = end systole: LV dPldt = first derivative 
of left ventricular pressure; EKG = electrocardiogram.) 


rank sum test [19], a modification of the Stu- 
dent t test which does not require normally 
distributed data, was used to check those dif- 
ferences found marginallv significant by the t 
test (p < 0.10). 


Data Analysis 

The segment length measurements were nor- 
malized to a control end-diastolic length of 10 
mm to minimize data scatter due to differences 
in operative placement of the crystals. End 
diastole was defined as the initial point of rapid 
rise of the dP/dt tracing, and end systole was 
defined as the point of maximum negative 
dP/dt. Systolic shortening was defined as the 
end-diastolic segment length minus the end- 
systolic segment length. Total shortening was 
defined as the end-diastolic segment length 
minus the minimum segment length recorded 
during the cardiac cycle. Effective shortening 
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was defined as the systolic shortening divided 
by total shortening. Systolic shortening fraction 
is defined as the systolic shortening divided by 
the end-diastolic length. 

Diastolic pressure-volume relationships were 
described by the exponential equation P 
be*®, where P is diastolic left ventricular pres- 
sure, e is base of the natural log, sl is the seg- 
ment length, k is the modulus of segment stiff- 
ness, and b is a second variable which de- 
scribes the y-intercept of the curve [20, 21] (Fig 
3). The segment length and left ventricular 
diastolic pressure tracings were measured at 10 
msec intervals between the point of the lowest 
diastolic pressure and end diastole, and these 
data points were applied to the equation. The 
modulus of segment stiffness, k, was then ob- 
tained by best-fit curve analysis. Because the 
exponential relationship between pressure 
and volume is lost at very low diastolic pres- 
sures, the data were not analyzed at points 
where the pressure was below 3 mm Hg [20, 
22]. Although the equation P = be*? does not 
separate the influences of changes in passive 
viscoelasticity, inertia, or time-dependent re- 
laxation factors [23-25], it does allow acute di- 
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Fig 3. (Patient 7, Group 1.) Data for diastolic pressure 
segment length preoperatively and postoperatively. Di- 
vergence of the curves is illustrated with increasing left 


ventricular stiffness seen postoperatively. See text— 
Materials and Methods: Data Analysis—for details. 


rectional changes in regional diastolic stiffness 
to be calculated [21] in the preoperative and 
postoperative clinical setting in which these 
data were collected. 

Lagrangian strain normalization [21] was not 
performed because the resting length at LV 
pressure of 0 mm Hg that is required for such 
normalization could only be obtained at less 
than 15°C when the left ventricle was vented 
due to hypothermic myocardial preservation, 
whereas the other segment length measure- 
ments are made at approximately 33°C. Further- 
. more, the ischemically arrested ventricle (Group 
1) is in fibrillation, whereas the ventricle ar- 
rested with potassium cardioplegia (Group 2) 
is flaccid in "standstill." Measurements made 
in these two different states could be expected 
to introduce considerable confusion rather than 
clarification. 


Results 


All patients had angiographically significant | 


(>50% luminal diameter) stenosis in the 
proximal left anterior descending coronary ar- 
tery, and all received a saphenous vein bypass 
graft to this vessel. Two patients in Group 1 had 
electrocardiographic evidence of anterior myo- 
cardial infarction, as did 2 patients in Group 2. 


Abnormality in anterior regional wall motion 
was detected angiographically in 3 of the pa- 
tients in Group 1 and 3 of the patients in Group 
2. Global elements of left ventricular function 
measured at preoperative cardiac catheteriza- 
tion also showed no significant difference be- 
tween Group 1 and Group 2: ejection fraction 
(0.62 versus 0.60); end-diastolic volume index 
(70 versus 75); cardiac index (3.1 versus 3.0); 
and velocity of circumferential fiber shortening 
(1.1 versus 0.90). There was no difference be- 
tween Groups 1 and 2, respectively, in number 
of grafts placed (3.7 versus 3.4), mean cross- 
clamp time (75 versus 63 minutes), or mean car- 
diopulmonary bypass time (182 versus 170 
minutes). The average age of Group 2 was 
higher than that of Group 1 (51.6 versus 57.2 
years, p « 0.10). 


Intraoperative Results 

SYSTOLIC VARIABLES. Comparison of systolic 
variables before saphenous vein grafting re- 
vealed no significant differences between 
Groups 1 and 2 (Table 1). In each group, there 
was no difference between mean arterial blood 
pressure before and after grafting, positive 
dP/dt, systolic shortening, systolic shortening 
fraction, and effective systolic shortening (Ta- 
bles 2, 3). That these systolic values also 
showed no differences between Groups 1 and 2 
after saphenous vein bypass grafting is not sur- 
prising, as arterial blood pressure and cardiac 
output were adjusted by volume infusion to 
allow separation of the patient from cardiopul- 
monary bypass. 

DIASTOLIC VARIABLES. There was no differ- 
ence in maximum negative dP/dt or left 
ventricular end-diastolic pressure (LVEDP) 
between Groups 1 and 2 before saphenous vein 
bypass grafting (see Table 1). The modulus of 
segment stiffness, k, was higher in Group 1 
than in Group 2 preoperatively (0.37 versus 
0.16, p < 0.03). Although there was no change 
in maximum negative dP/dt between the 
groups after the saphenous vein bypass graft, 
both the LVEDP (11.4 to 17.0 mm Hg) and k 
(0.37 to 0.67) were elevated in Group 1, the 
group that had received hypothermic ischemic 
arrest, compared with Group 2 (LVEDP, 14.0 to 
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Table 1. Preoperative Values in Group 1 versus Group 2? 


Group 1 Group 2 Difference p Value 
LVEDP 11.45 + 1.75 14.00 + 2.95 —2.55 + 3.43 >0.45 
+. dP/dt 1,146.7 + 164.9 1,344.1 + 331.0 —197.4 + 369.3 20.59 
— dP/dt 1,095.7 = 112.3 1,393.4 + 301.0 —297.7 + 321.3 >0.35 
ESL 9.02 + 0.15 9.11 + 0.15 —0.09 + 0.21 20.67 
ML 8.75 + 0.18 9.00 + 0.14 —0.25 + 0.31 0.42 
35 0.98 + 0.15 0.89 + 0.15 0.09 + 0.21 >0.67 
TS 1.24 + 0.18 1.01 + 0.14 0.23 + 0.23 >0.34 
ES 0.75 + 0.07 0.87 + 0.05 —0.12 + 0.09 >0.18 
SSF 9.78 + 1.54 8.88 + 1.48 0.90 + 2.13 >0.67 
k. 0.37 + 0.08 0.16 + 0.04 <0.03 (<0.10)° 


DL 0.21 + 0.09 
2 Values shown as mean + standard error of the mean. 
»Wilcoxon signed rank sum test. 


LVEDP = left ventricular end-diastolic pressure; dP/dt = first derivative of left ventricular pressure; ESL = end-systolic 
segment length; ML = minimum segment length; SS = systolic shortening; TS = total shortening; ES = effective shorten- 
ing; SSF = systolic shortening fraction; k = modulus of segment stiffness. —  . 


Table 2. Preoperative and Postoperative Values with Intragroup Comparisons for 12 Patients in Group 1 


: Values 
Preop Postop Difference? + SEM p Value 

LVEDP» 11.45 17.00 5.55 +3.07 20.28 
-dPidt^ 1,146.7 1,099.7 —47.0 + 110.2 0.67: 
—dPidt 1,095.7 1,042.8 —52.9 + 922 20.58 
EDL 10.00 10.12 0.12 + 0.23 70.60 
ESL 9.02 9.06 0.04 + 0.20 20.85 
ML 8.75 8.99 0.24 + 0.21 0.27 
SS 0.98 . 1.07 0.09 + 0.18 >0.63 
TS 1.24 1.14 —0.10 + 0.17 >0.54 
ES 0.75 0.85 0.10 + 0.08 >0.26 
SSF 9.78 10.38 0.60 + 1.57 >0.76 
kh 0.37 0.67 0.30 + 0.17 


! 
? Postoperative compared with preoperative values. 
" N = 10 for this function value. 
‘Wilcoxon signed rank sum test. 


«0.10 (0.02)* 


SEM - standard error of the mean; EDL — end-diastolic segment length; other abbreviations same as for Table 1. 


15.6 mm Hg; k, 0.16 to 0.24), the group that had 
received hypothermic potassium cardioplegia. 
The increase in k seen in Group 1 after saphe- 
nous vein bypass grafting was significant 
at the p < 0.02 level (Wilcoxon test). 


Comment 


Instrumentation 
Since Bugge-Asperheim [26], Franklin [27], and 
their colleagues described the use of ultrasonic 


transit-time transducers for measuring seg- 
mental myocardial wall motion, the technique 
has become popular for use in animal labora- 
tory studies, particularly those in which dogs 
undergo chronic instrumentation [18, 28-32]. 
Excellent resolution (<0.1 mm), long-term sta- 
bility, and reproducibility have been validated 
[18, 31, 32]. Theroux and colleagues [18] found 
only minimal tissue damage as a result of crys- 
tal implantation, and this has been confirmed 
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Table 3. Preoperative and Postoperative Values with Intragroup Comparisons for 8 Patients in Group 2 


Values 

Preop Postop 
LVEDP 14.00 15.64 
t dP/dt 1,344.1 1272.5 
—dP/dt 1,393.4 1,222.0 
EDL 10.00 10.39 
ESL 9.11 9.36 
ML . 9.00 9.29 
SS 0.89 1.03 
TS . 1.01 1.09 
ES 0.87 0.96 
SSF 8.88 8.55 
k | 0.16 0.24 


*Postoperative compared with preoperative values. 


Difference? + SEM p Value 
1.64 + 3.34 >0.63 
=I 166 102.5 >0.50 
—171.4 + 154.4 20.30 
0.39 + 0.24 0.14 
0.25 + 0.19 0.22 
0.29 + 0.21 20.19 
0.14 + 0.23 20.54 
0.08 + 0.22 >0.69 
0.09 + 0.05 >0.14 
—0.33 + 2.26 >0.88 
0.08 + 0.06 >0.23 


SEM = standard error of the mean; EDL = end-diastolic segment length; other abbreviations same as for Table 1. 


in our laboratory with histological examination 
following implantation in animal hearts. * 

In the past, myocardial segment motion has 
been measured intraoperatively in patients un- 
dergoing saphenous vein bypass operation 
using strain gauge arches [33], electrical imped- 
ance techniques [34], or M-mode ultrasound 
transducers [35]. We and others [16, 17] have 
chosen to implant piezoelectric ultrasonic crys- 
tals in the left ventricular myocardium of man 
because they reflect a more stable, direct quan- 
tification of local wall motion. 


Effects of Coronary Artery Bypass Grafting 

on Left Ventricular Function 

The long-term effects of the coronary artery 
bypass grafting on global and regional left 
ventricular function have been well doc- 
umented. In general, patients with chronic an- 
gina pectoris, normal or hypokinetic preopera- 
tive regional wall motion, and patent grafts 
show no change or slight improvement at the 
time of follow-up catheterization [36-39], 
whereas patients with unstable angina pectoris 
and localized left ventricular asynergy without 
evidence of myocardial infarction often show 
dramatic improvement after placement of a pa- 


*Cornish AL, Hanley HG, O'Connor W, et al: Limitations of 
post extrasystolic potentiation in identifying ischemic 
though viable myocardium. Submitted for publication, 
1980. 


tent graft [40-43]. Minimal or no improvement 
in regional wall motion is usual despite a patent 
graft into an area of old myocardial infarction as 
demonstrated by electrocardiographic Q waves 
[36] or akinesis-dyskinesis on preoperative left 
ventricular angiography [37, 38]. There is a 
small number of patients who sliow deteriora- 
tion in regional wall motion despite a patent 
graft, presumably due to perioperative infarc- 
tion [38, 39]. 

Reestablishing coronary flow into a previ- 
ously hypoperfused region on a short-term 
basis could be expected to result in an increase 
in myocardial stiffness due to the erectile nature 
of the myocardium [44, 45]. Conversely, in- 
creased substrate supply to an ischemic area 
through a patent graft could result in decreased 
regional stiffness if the region is capable of sub- 
strate utilization [46]. As our interest was di- 
rected solely toward exploring the differential 
effects of potassium cardioplegia versus isch- 
emic arrest, no attempt was made to manipulate 
graft flow or perfusion pressure during this 
study to assess their respective effects on re- 
gional left ventricular function. 


Influence of Myocardial Preservation Technique 
on Postoperative Left Ventricular Function 

That postoperative left ventricular function is 
directly dependent on the method of in- 
traoperative myocardial preservation has been 
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Table 4. Individual Perioperative Changes in Modulus of Chamber Stiffness 


Group 1 Group 2 
(Ischemic Arrest) (Potassium Cardioplegia) 

Patient 

No. . Preop Postop Difference? Preop Postop Difference? 
1 0.06 0.35 0.29 0.02 0.46 0.44 
2 0.11 0.22 0.11 0.05 0.09 0.04 
3 0.18 0.41 0.23 0.11 0.10 —0.01 
4 0.19 0.53 0.34 0.11 0.26 0.15 
5 0.29 0.39 0.10 0.14 0.21 0.07 
6 0.42 0.22 —0.20 0.21 0.28 0.07 
7 0.47 2.19 1.72 0.31 0.18 —0.13 
8 0.50 0.59 0.09 0.31 0.30 —0.01 
9 0.50 0.79 0.29 

10 0.95 1.02 0.07 


? Postoperative compared with preoperative value. 


well documented in animals and humans. The 
advantages and disadvantages of normothermic 
perfusion of an empty beating heart, coronary 
artery cannulization and perfusion, intermit- 
tent ischemic arrest with reperfusion, moderate 
and profound hypothermia, and pharmacologi- 
cal cardioplegia have been well documented 
[47]. However, as Buckberg [14] emphasized, 
extrapolation from the animal model of acute 
global ischemia to the clinical situation with its 
complicating regional myocardial perfusion 
defects due to long-standing coronary artery 
disease, should be made with caution. Nev- 
ertheless, based on detailed studies of left 
ventricular ultrastructure and cell biochemistry 
[9-14], pharmacological cardioplegia would be 
expected to offer improved myocardial preser- 
vation if delivered to the entire left ventricle. 
Such improvement in myocardial preservation 
might then be expected to result in improved 
left ventricular function, both globally and re- 
gionally, when compared with other methods 
of myocardial preservation. Few studies, how- 
ever, have addressed the effects of different 
types of myocardial preservation intraopera- 
tively in humans. Spotnitz and co-workers 
[35] showed that a transient decrease in left 
ventricular compliance may be observed im- 
mediately postoperatively when hypothermic 
ischemic arrest is utilized for myocardial pres- 
ervation. This decrease in compliance can per- 
sist if the arrest time is greater than one hour. 


Ellis and associates [48] evaluated changes in 
left ventricular diastolic compliance following 
hypothermic potassium cardioplegia. Although 
their results appear in agreement with ours, 
this study extends these results by comparing 
in the same study a control group that received 
ischemic arrest with a group that received 
pharmacological cardioplegia. Our results show 
no increase in regional left ventricular stiff- 
ness following coronary bypass grafting when 
myocardial preservation was performed using 
hypothermic potassium cardioplegia as op- 
posed to hypothermic ischemic arrest. This 
favorable shift [49, 50] in left ventricular com- 
pliance with potassium cardioplegia versus 
ischemic arrest may provide direct evidence 
that coronary artery bypass grafting utilizing 
potassium cardioplegia results in less myocar- 
dial injury in the immediate postoperative 
period. 

The fact that the preoperative k value is 
greater in Group 1 than in Group 2 might be 
thought to confound the data analysis by 
influencing intraoperative change. However, 
careful study of the individual k values reveals 
no evidence to suggest that initially high 
(preoperative) k values show any trend toward 
an incrementally greater perioperative rise than 
low preoperative k values. Indeed, the largest 
perioperative increase in k seen in Group 2 was 
in the patient with the lowest preoperative 
value (0.02 to 0.46), whereas the smallest indi- 
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vidual increment in Group 1 was observed in 
the patient with the highest preoperative k 
value (0.95 to 1.02). Furthermore, only 2 of 8 
patients in Group 2 showed a perioperative rise 
in k greater than 0.08, whereas 8 of 10 of the 
Group 1 patients showed such an increase 
(Table 4). We conclude that the increase in 
postoperative k value in Group 1, which is not 
seen in Group 2, is dependent upon the 
method of myocardial preservation rather than 
the preoperative k value. . 


Clinical Significance 

Increase in regional left ventricular stiffness 
(decreased compliance), as seen following hy- 
pothermic ischemic arrest, results in an un- 
favorable shift in the ventricular function curve 
[50] such that an inordinately high left 
ventricular preload (end-diastolic pressure) is 
required to maintain adequate regional systolic 
performance. This study suggests pharmaco- 
logical cardioplegia allows comparable regional 
left ventricular systolic performance imme- 
diately after coronary artery bypass grafting 
at a reduced preload. Therefore, use of hypo- 
thermic potassium cardioplegia may help avoid 
the. problem of pulmonary congestion in the 
postoperative period frequently seen with the 
volume loading necessary to maintain adequate 
left ventricular systolic performance when hy- 
pothermic ischemic arrest is utilized for myo- 
cardial preservation. 
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ABSTRACT In two groups of animals (6 and 9 
dogs), the aorta was cross-clamped 60 and 90 min- 
utes, respectively, during hypothermic cardiopul- 
monary bypass. Immediately after cross-clamping, 
pharmacological cardiac arrest was induced by in- 
jecting 100 ml of a cold cardioplegic solution into the 
aortic root. Topical cardiac hypothermia was added. 
In hearts undergoing 90 minutes of ischemia, a re- 
peat injection of the cardioplegic solution was done 
at 45 minutes. In 14 dogs (control group), only 
topical cardiac hypothermia was instituted for myo- 
cardial protection during 60 minutes of ischemia. 
Seven weeks after operation the surviving animals (6 
in each group) were killed. 

Study of myocardial performance failed to demon- 
strate significant differences among the groups. Mi- 
croscopic examination of transmural samples taken 
from anatomically defined sides of both ventricles, 
disclosed isolated, punctuate subendocardial scars 
in only 2 hearts of the control group. Al the hearts 
having 90 minutes of pharmacological cardiac arrest 
and topical cardiac hypothermia exhibited diffuse 
fibrosis replacing 10 to 20% of the left ventricular 
myocardium. Extent and incidence of fibrosis were 
significantly higher in these hearts in comparison to 
those of the other groups. 

We conclude that pharmacological cardiac arrest 
plus topical cardiac hypothermia makes a safe and 
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efficient method of myocardial protection .during 
aortic cross-clamping only if the ischemic interval is 
limited to 60 minutes. It cannot prevent permanent 
myocardial injury if the ischemic arrest is extended 
to 90 minutes. 


Experimental and clinical evidence has ac- 
cumulated to suggest that pharmacological car- 
diac arrest, in conjunction with hypothermia, 
may be the optimal technique of myocardial 
protection during cardiac operations [1—14]. 
This technique, often referred to as cardioplegic 
arrest, provides protection from ischemic insult 
and allows the surgeon to work with a flaccid 
heart in a bloodless field. Most investigators 
have focused on the immediate hemodynamic 
and biochemical changes that follow restoration 
of coronary blood flow after pharmacological ar- 
rest and found less myocardial depression with 
this technique than with ischemic arrest at hy- 
pothermia [1, 4, 6—8, 12, 15, 16]. Since any form 
of prolonged elective cardiac arrest is associated 
with some degree of myocardial impairment, 
the question arises as to the degree of reversi- 
bility of such impairment, which is unsus- 
pected by clinical criteria. 

In previous experimental studies, we found 
that ischemic cardiac arrest, when combined 
with topical cardiac hypothermia for 60 min- 
utes, was not followed by myocardial scarring 
in long-term survivors [17]. However, post- 
operative mortality from cardiopulmonary fail- 
ure, probably due to myocardial impairment, 
was substantial. The intracoronary injection of 
cold cardioplegic solutions effects immediate 
and thorough myocardial cooling and instant 
electromechanical arrest. We would expect re- 
duced postoperative mortality as well as myo- 
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cardial protection from permanent injury. The 
present study was undertaken to evaluate car- 
dioplegic arrest utilizing a solution containing 
procaine, magnesium, and sorbitol—as sug- 
gested by Kirsch and co-workers [9]—com- 
bined with topical cardiac hypothermia. 


Materials and Methods 

Twenty-nine mongrel dogs (18 to 24 kg in 
weight) were anesthetized with pentobarbital 
and underwent hypothermic (28° to 30°C) car- 
diopulmonary bypass (CPB) as described pre- 
viously [17]. An apical left ventricular vent was 
used in all animals. Following stabilization on 
CPB, ischemic arrest was induced by cross- 
clamping the ascending aorta. There were three 
experimental groups. 

GROUP 1. In 6 dogs, pharmacological cardiac 
arrest was induced immediately after the aorta 
was cross-clamped. One-hundred ml of the cold 
(4°C) cardioplegic solution was injected over 2 
minutes by hand into the aortic root proximal to 
the cross-clamp. Intraaortic root pressures in- 
duced by such technique were consistently less 
than 80 mm Hg. The solution (Kirsch’s solution) 
contains sorbitol (4.5%), magnesium aspartate 
(2.57%), and procaine hydrochloride (0.3%) in 
water and has an osmolality of 463 mOsm per 
kilogram of water. The heart was bathed in 
0.9% saline solution at 4°C (topical cardiac hy- 
pothermia) during the ischemic period. After 60 
minutes, the cross-clamp was released gradu- 
ally. The usual maneuvers to evacuate air from 
the heart were pertormed. Perfusion tempera- 
ture was quickly returned to 37°C, and defibril- 
lation was performed when necessary. Re- 
covery from the ischemic interval was allowed 
for 20 to 30 minutes before discontinuation of 
the apical vent and gradual weaning from CPB. 

GROUP 2. In 9 dogs, the ischemic interval 
was extended to 90 minutes. A second injection 
of 100 ml of the cardioplegic solution was given 
into the aortic root 45 minutes after application 
of the cross-clamp. Otherwise, the protocol was 
identical to the one observed in Group 1 ani- 
mals. 


GROUP 3. Fourteen dogs underwent isch- 


emic cardiac arrest for 60 minutes with protec- 


tion by topical cardiac hypothermia. They were 
the control group. 


In all three groups of animals, an intramyo- 
cardial thermistor was placed in the region of 
the ventricular septum. Average intramyocar- 
dial temperature for Groups 1 and 2 remained at 
12°C for the first 15 minutes after aortic root in- 
jection. Temperature gradually rose towards 
19°C later in the ischemic interval. Reinjection 
of the cardioplegic solution in Group 2 animals 
resulted in a fall of intramyocardial temperature 
to approximately 10°C. Group 3 animals had an 
average intramyocardial temperature of 19°C or 
less. 

Termination of bypass and reversal of hepa- 
rin with protamine was undertaken when he- 
modynamic data remained stable for 20 min- 
utes, i.e., blood pressure > 100 mm Hg systolic 
and central venous pressure < 10 cm H;O. Since 
all animals met these requirements, cardiotonic 
drugs were neither required nor given during 
the surgical procedure. À number of animals in 
Groups 1 and 2 exhibited progressive signs of 
myocardial dysfunction and respiratory failure 
4 to 21 hours after the surgical procedure. Sup- 
portive measures (ventilatory assistance, di- 
uretics, and dopamine) instituted at that time 
were unsuccessful, and all these animals died. 
Hemodynamic measurements (other than arte- 
rial and central venous pressure and heart rate) 
were not made after the dogs were weaned from 
bypass in order to avoid myocardial injury by 
the insertion of transmyocardial and intracavi- 
tary transducers. 

seven weeks after the experiment—sufficient 
time for any ischemia-induced injury to heal 
by scar formation—surviving animals under- 
went a second thoracotomy for hemodynamic 
assessment. A polyethylene catheter was placed 
through the left ventricular apex into the left 
ventricle and a square-wave electromagnetic 
flowmeter was applied to the ascending aorta. 
Left ventricular end-diastolic pressure, left 
ventricular pressure, cardiac output, and heart 
rate were measured after a period of stabiliza- 
tion. Subsequently, cannulae were inserted for 
immediate perfusion-fixation of the heart with 
glutaraldehyde, as previously described [17]. 
This method renders the heart in diastolic 
configuration with well-preserved anatomical 
relationships. 

The hearts were sectioned and examined for 
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evidence of myocardial scarring, following a 
standard procedure. In this technique, trans- 
mural myocardial samples are taken from five 
locations (anterior and posterior papillary mus- 
cles of the left ventricle, septum, right and 
left ventricular free walls). Whole-mount sec- 
tions of the transmural samples were prepared 
for light microscopy using hematoxylin-eosin 
as well as two stains for connective tissues 
(Weigert-van Gieson, Gomori trichrome with 
fuchsin aldehyde). Whenever fibrosis was de- 
tected in the standard samples, additional sam- 
ples from nearby myocardium were studied. 
Quantitation of injury was undertaken during 
microscopic examination of the whole-mount 
sections by estimating the percentage of myo- 
cardium replaced by scar tissue. Special atten- 
tion was paid to the anterior and posterior pap- 
illary muscles and septum since these areas 
are believed to be most prone to ischemic in- 


jury. 


Results 

Survival | 

All dogs undergoing 60 minutes of phar- 
macological cardiac arrest and topical cardiac 
hypothermia (Group 1) survived. In Group 2 (90 
minutes of this combined treatment) 6 of the 9 
animals or 6796 survived. The cause of death in 
the 3 dogs that died was cardiorespiratory fail- 
ure 4 to 8 hours after completion of bypass. 
Postmortem examination showed biventricular 
dilatation, with evidence of subendocardial 
ischemic injury on histological examination. 
Marked pulmonary congestion was evident on 
histological examination of ‘the lung tissue. In 
the control group (ischemic cardiac arrest and 
topical hypothermia), 8 dogs (5796) died 6 to 22 
hours after completion of CPB. Five died of 


pulmonary complications in conjunction with. 


myocardial failure, again substantiated by mac- 
roscopic and microscopic examination of the 
lungs and heart. Two dogs died of ventricular 
arrhythmia and 1 of pneumothorax. 


Myocardial Morphology 

All Group 2 animals disclosed varying degrees 
of subendocardial fibrosis on macroscopic in- 
spection of the hearts. Visible scars were de- 
tected on the cut surfaces of left ventricular 


samples. All hearts in the control group and 
those in Group 1 dogs were free from macro- 
scopic evidence of myocardial injury. 

Light microscopy revealed solitary and spo- 
radic, small (1.5 X 0.5 mm) subendocardial 
scars in only 4 of 51 samples taken from septum 
and anterior and posterior papillary muscles of 
the control group. Normal myocardium was 
found in 5 hearts of Group 1. The sixth heart in 
this group exhibited evidence of diffuse fibrosis 
in several samples of the anterior and posterior 
papillary muscles and the left ventricular free 
wall, amounting to approximately 10% fibrotic 
replacement of the left ventricular myocardium. 
The fact that this animal sustained a 14-minute 
episode of hypotension at the time of conclu- 
sion of bypass might explain this exceptional 
degree of myocardial fibrosis. The overall inci- 
dence of fibrosis was 6 out of 55 left ventricular 
samples and, as such, was not significantly 
different (p > 0.1) from the control group. Mi- 
croscopic examination of the hearts of the ani- 
mals in Group 2 demonstrated subendocardial 
and midmyocardial fibrosis in each heart. Inci- 
dence of fibrosis (27 out of 71 samples) as well 
as extent of fibrosis was significantly higher (p 
« 0.001) in these hearts compared with the 
control group and Group 1. These data are 
summarized in Tables 1:and 2. Figures 1 and 2 
are photomicrographs from a cross-section 
through the tip of a posterior papillary muscle. 
This heart was subjected to 90 minutes of 
pharmacological cardiac arrest and topical car- 
diac hypothermia (Group 2). Fibrosis is limited 
to the subendocardium in Figure 1 while mid- 
myocardial scars are prominent in Figure 2. 


Hemodynamic Data 

Hemodynamic data obtained prior to death did 
not correlate with the morphological find- 
ings. Even animals undergoing 90 minutes of 
pharmacological cardiac arrest and topical car- 
diac hypothermia and having rather marked 
histological findings of myocardial fibrosis 
demonstrated normal myocardial performance 
(Table 3). | 


Comment 
Ischemic cardiac arrest by aortic cross-clamping 
gives ideal conditions for open-heart opera- 


227 Schraut et al: Myocardial Protection during Cross-clamping 


Table 1. Myocardial Scarring by Anatomical Location 








APM PPM Septum Total® 

Group? Scar/Sample Scar/Sample Scar/Sample Scar/Sample 

1 (N = 6) 2/20 2/20 2/15 6/55 
Predicted 4.31/55 
NS 

2 (N= 6) 11/25 11/25 5/21 27/71 
Predicted 5.56/71 
p « 0.001 

Control (N — 6) 1/19 1/18 2/14 4/51 





?Group 1 = pharmacological cardiac arrest and topical cardiac hypothermia, 60 minutes; Group 2 = pharmacological car- 
diac arrest and topical cardiac hypothermia, 90 minutes; Control — ischemic cardiac arrest and topical cardiac hypothermia, 


60 minutes. 
"Predicted incidence based on chi-square analysis. 


APM = anterior papillary muscle; PPM = posterior papillary muscle; NS = not statistically significant. 


Table 2. Extent of Fibrosis at Each Anatomical Location 
and Percentage of Normal Myocardium Replaced by Fibrosis 


Dog APM 
Group No. (90) 
1 1 0 
2 0 
3 0 
4 0 
5 10 
6 0 
2 1 10 
2 12 
3 20 
4 12 
5 10 
6 15 
Control 1 «5 
: 0 
3 0 
4 0 
5 0 
6 0 


?Predicted incidence on chi-square analysis. 


PPM 
(90) Septum Total? 
0 0 Predicted 1.11% 
0 0 Found 1.38% 
0 0 NS 
0 0 
10 5 
0 0 
7 5 
5 0 Predicted 1.1196 
20 10 Found 9.7796 
15 3 p « 0.001 
10 0 
15 5 
«5 <5 
0 0 
0 0 
0 0 
0 0 
0 0 


APM = anterior papillary muscle; PPM = posterior papillary muscle; NS = not statistically significant. 


tions since the heart is rendered bloodless and 
motionless. However, myocardial tolerance of 
ischemia is time limited—approximately 20 
minutes at normothermia—and even within 
this period it is associated with temporary and 
possibly permanent injury [18-20]. To impart 
increased myocardial protection and to extend 
the time interval of its safe application, isch- 


emic arrest has been combined with topical 
cardiac hypothermia by external lavage [20-22], 
intracavitary irrigation [15, 23], or separate 
coronary perfusion with a variety of solutions 
[1—4, 6-8, 12, 15, 16]. While it is apparent that 
each of these methods of myocardial protection 
during aortic cross-clamping is comparatively 
superior to normothermic ischemic arrest, and 
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Fig 1. Cross-section through the tip of a papillary mus- 
cle of a heart subjected to 90 minutes of pharmacologi- 
cal cardiac arrest and topical cardiac hypothermia. 
Such diffuse subendocardial and midmyocardial fibrosis, 
impressing as white patches (arrows), was an excep- 
tional finding. Origin of chordae tendineae is marked by 
letter A. (Gomori trichrome; X56 before 35 % reduc- 
tion.) 


while many of these methods have found suc- 
cessful clinical application, it seems on the 
basis of experiments studying the effects of 
those methods, that some techniques are safer 
and more reliable than others. To make an ulti- 
mate judgment, however, on the efficacy of a 
particular form of elective cardiac arrest and as- 
sociated methods of myocardial protection, the 
possibility of late, detrimental sequelae has to 
be taken into consideration. This fact has been 
stressed by several investigators [22, 24], and in 
an editorial published in 1977, Sidney Levitsky 
[25] stated: "Although all these agents |car- 
dioplegic perfusates] have proved useful in 
acute experimental animal studies, none have 
been tested on a chronic basis." The need for 
long-term studies seems obvious. 

In previous experiments, we evaluated two 
commonly utilized forms of elective cardiac ar- 


rest with myocardial protection—ischemic car- 
diac arrest and topical cardiac hypothermia 
[17] and ventricular fibrillation [26] during 
hypothermic CPB—in relation to their long- 
term effects on the canine myocardium. We 
found these methods satisfactory only under 
certain limiting conditions. Concerning the 
control group in the present series, none of the 
hearts available for study had diffuse scarring. 
However, this seemingly excellent result must 
be correlated with the high perioperative mor- 
tality. Five of 14 dogs died of cardiopulmonary 
failure, possibly a sequela of ischemic arrest. 
Probably these hearts would have exhibited 
some degree of myocardial scarring if survival 
could have been accomplished. The study dem- 
onstrates that cardioplegic arrest with Kirsch's 
solution at 4°C followed by topical cardiac hy- 
pothermia is a safe and reliable method to 
protect the normal canine heart from clinically 
obvious, short-term impairment as well as per- 
manent ischemic injury (myocardial scars and 
fibrosis by histological examination) during 
aortic cross-clamping, as long as the ischemic 
interval is limited to 60 minutes. Extension of 
the arrest period to 90 minutes is followed by 
extensive myocardial fibrosis in surviving ani- 
mals, even though weaning from bypass and 
early postoperative recovery were uncompli- 
cated by clinical criteria, i.e., these hearts 
maintained normal peripheral perfusion pres- 
sures without any pharmacological support. 
Our findings are in accordance with those 
of other investigators [1, 4, 6, 9, 27, 28] who 
evaluated the protective effect of magnesium- 
procaine cardioplegic solutions by the mea- 
surement of hemodynamic and biochemical 
variables during and shortly after the ischemic 
interval. 

The efficacy of Kirsch's solution as a cardio- 
plegic infusate lies in a number of synergisti- 
cally beneficial effects [9, 27]. The hypothermic 
solution affords equal cooling of all layers and 
instantly reduces the myocardial temperature 
which governs metabolic rate. The expenditure 
of energy-rich substrates is delayed. However, 
if hypothermia alone is employed, rest tension 
in the myofibrils will persist and cause degra- 
dation of energy-rich phosphates. In addition, 
hypothermia decreases membrane adenosine 
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Fig 2. Typical example of sporadic subendocardial 
fibrosis (white patches) found in many left ventricular 
samples of hearts subjected to 90 minutes of phar- 
macological cardiac arrest and topical cardiac hypo- 
thermia. (Gomori trichrome; x84.) 


triphosphatase activity so that sodium and 
water enter the cell, i.e., myocardial edema de- 
velops [29]. To counteract this development, the 
perfusate is rendered hyperosmolar by the ad- 
dition of sorbitol or mannitol. This in turn im- 
proves coronary flow at the time of reperfusion 
[30]. The solution contains magnesium, which 
replaces extracellular calcium and inhibits cal- 
cium influx into the myocardial cell. Thus, 
calcium-dependent enzyme systems of the con- 
traction mechanism and of the cell membrane 
are inhibited, and energy-rich phosphates are 
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preserved [27]. Complete relaxation of the myo- 
fibrils is achieved. Procaine is added as a mem- 
brane stabilizer as it inhibits ion (Na*, K^) flux 
across the cell membrane and consequently 
slows water flux and edema formation [31]. 
This cardioplegic solution is free from so- 
dium and potassium and therefore changes 
the ionic balance across the cell membrane and 
leads to interruption of excitation-contraction 
coupling with immediate electromechanical ar- 
rest. In summary, pharmacological arrest is in- 
duced by the synergism of magnesium ions, 
procaine, and sodium and calcium reduction, 
and complements the energy-saving effects of 
hypothermia. 

It is important to apply Kirsch's solution at 
deep hypothermia and in limited amounts, as 
reports by Jynge and associates [32, 33] seem 








HR LVEDP CO OPI s 
Group (beats/min) (mm Hg) (L/min) (mm Hgj/sec) 
1(N = 5) 184 (160-210) 5 (2-10) 1.75 (1.6-1.95) 2,860 (2,320-3,745) 
2 (N = 6) 178 (145—210) 7 (0-8) 1.8 (1.5-1.95) 2,780 (2,100-3,870) 
Control (N — 6) 192 (180—204) 6 (3-11) 1.84 (1.54-2.1) 2,772 (2,440-3,680) 





“Mean values per group; range in parentheses. 


HR = heart sate; LVEDP = left ventricular end-diastolic pressure: CO = cardiac output; dP/dt,,,, = maximum rate of rise of 


left ventricular pressure. 
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to indicate. In their functional, biochemical, 
and morphological studies on isolated rat 
hearts, calcium-free cardioplegic  infusates 
(Kirsch's solution, Bretschneider's solution) 
failed to exert sufficient myocardial protection 
at 28°C in comparison to a cardioplegic solution 
containing sodium, potassium, magnesium, 
calcium, and procaine in specific concentrations 
(St. Thomas' Hospital solution). These findings 
seem to be at variance with studies utilizing 
such calcium-free perfusates experimentally in 
rabbits [27], cats [1], and dogs [4, 28] and in 
clinical practice [9, 27], but most probably are a 
result of differences in materials and methods. 
The explanation given by Jynge and colleagues 
was that calcium-free cardioplegic perfusates 
effect a washout of myocardial calcium. Sub- 
sequent perfusion with caicium-containing 
blood leads to a relative state of hypercalcemia 
with myocardial rigidity, a sequence of events 
known as “calcium paradox” [34]. The addition 
of small amounts of calcium to the perfusate [32] 
or the application of deep hypothermia [35] are 
shown to prevent the calcium paradox effec- 
tively. Furthermore, Jynge and co-workers [32] 
demonstrated a complex relationship between 
the duration and volume of infusion of 
calcium-free, hyperosmolar solutions and the 
extent of tissue protection. Increasing infusion 
volume and duration lead to increased creatine 
kinase leakage, a sensitive indicator of 
ischemia-induced damage. Again, this effect 
could be reversed by addition of calcium to the 
cardioplegic solution. The following protocol 
by which we utilize the calcium-free Kirsch 
solution should mitigate or avoid these detri- 
mental effects. 


1. The cardioplegic solution is injected at a 
temperature of 4°C. 

2. Cardioplegic arrest is supplemented by 
topical cardiac hypothermia. 

3. The infusate is not truly calcium-free at all 
times, since dilution with the intracoronary 
blood flow during the ischemic interval oc- 
curs. 


In this study, we were unable to extend the 
ischemic interval safely to 90 minutes. Obvi- 
ously, reinjection of the cardioplegic solution at 
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45 minutes did not have the expected protective 
effect. All of the hearts, to a varying degree, 
showed diffuse subendocardial and  mid- 
myocardial scarring and fibrosis. Despite the 
induction of permanent myocardial damage, 
hearts were easily defibrillated and weaning 
from bypass was uncomplicated. If not shown 
by late morphological study, the extent of myo- 
cardial fibrosis as detected would have been 
unsuspected by the clinical course of surviving 
animals. A third of the animals undergoing 90 
minutes of pharmacological cardiac arrest and 
topical hypothermia died of cardiorespiratory 
failure. Insufficient myocardial protection is the 
likely underlying cause. If survival had been 
attained, the hearts of these animals probably 
would have exhibited the same, if not more ex- 
tensive, scarring. Cardiopulmonary bypass (120 
to 135 minutes) by itself can be excluded as an 
underlying factor by our experience |17], a 
finding supported by others [19, 36]. The failure 
of this approach is likely a summation of fac- 
tors. 


1. Prolongation of ischemia, by itself, must be 
viewed as detrimental. 

2. Rewarming of noncoronary flow and con- 
vection from the surrounding organs (per- 
fused at 28°C) might not be controlled and 
suppressed sufficiently by topical cardiac 
hypothermia and a single injection of cardi- 
oplegic solution at 45 minutes. Although 
septal temperature was found to be at or 
below 19°C at all times during the experi- 
ment, this does not mean equal hypothermia 
throughout the heart. 


3. It is possible that the second injection of car- 


dioplegic solution might have exacerbated 
(although minimally) the detrimental effects 
of the first injection in terms of calcium 
washout. Furthermore, Kirsch's solution is 
hyperosmolar and according to Hearse and 
associates [37], hyperosmolar solutions can 
effect myocardial impairment under certain 
conditions. In fact, Raju and co-workers [12] 
noted diffuse myocardial damage following 
continuous infusion of a hyperosmolar (700 
mOsm) cardioplegic solution. Brody and as- 
sociates [36] in long-term experiments could 
not increase the protective effects of topical 
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cardiac hypothermia by repeated injection of 
either lactated Ringer's or Sack’s solution at 
4°C. These investigators, however, found 
subendocardial fibrosis in all hearts regard- 
less of the method of myocardial protection 
utilized. This is at variance with the results 
of our studies. 


Extensive clinical experience exists with inter- 
mittent (every 15 to 30 minutes) coronary perfu- 
sion (flushing) utilizing cold calcium-containing 
[2, 3, 7] or calcium-free [10, 11, 38], isoosmolar 
[13, 14], or hyperosmolar [10, 11] solutions. Each 
of these methods is considered excellent by its 
proponents on the basis of myocardial perfor- 
mance studies after the ischemic interval. Thus, 
repeated flushing, as such, cannot be viewed as 
detrimental. From these clinical studies it ap- 
pears that maintaining myocardial temperature 
at 19° to 22°C during the ischemic arrest is of 
greater importance than the specific ionic con- 
centration of the perfusate. 

Regardless of the method of elective cardiac 
arrest and its time interval, all animals ex- 
hibited normal hemodynamic performance at 
the time of death. The importance of this 
finding is of a lesser degree since hemodynamic 
measurements were obtained at resting condi- 
tions. Even a substantially damaged myocar- 
dium can effect hemodynamic homeostasis 
through utilization of its reverse capacity, if 
work load is kept at a minimum |16]. Herman 
and colleages [19] were able to verify this exper- 
imentally. They subjected dogs to normother- 
mic ischemic arrest for up to 40 minutes. On 
late morphological study, varying degrees of 
myocardial fibrosis, most extensive in the pap- 
illary muscles, were detected. Myocardial per- 
formance studies, however, demonstrated im- 
pairment only under maximum stress. When 
made at resting conditions, the measurements 
did not reflect the morphological alterations. 

Our study indicates that pharmacological 
cardiac arrest plus topical hypothermia allows 
aortic cross-clamping without inducing perma- 
nent ischemic myocardial damage only if the 
ischemic interval is limited to 60 minutes. Ex- 
tension of the ischemic interval is followed by 
subclinical, but permanent, myocardial injury. 
Possibly this can be avoided if uniform and 


persistent cardiac hypothermia is obtained by 
repeated injection of one of the cardioplegic 
solutions less apt to induce real or theoretical 
detrimental changes by extreme hyperosmolar- 
ity or pronounced ionic concentrations. 
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is the candidate for 
low-dose heparin prophylaxis? 


A Special Report of the Council on Thrombosis of the American Heart 
Association, after reviewing the results of low-dose heparin prophylac- 
tic studies, has strongly endorsed the prophylactic approach by stating, 
"Low-dose heparin administered to all bemostatically competent pa- 
tients over the age of 40 subjected to major elective abdominal or 
thoracic surgical procedures will effect an 8096 reduction in 
postoperative pulmonary emboli.” 


In addition, Kakkar" and Sherry" have both recommended large-scale 
use of low-dose heparinization in surgical patients at high visk of 
.thromboembolism. In the opinion of the latter: “The introduction of 
low-dose heparin prophylaxis of thrombosis in deep leg veins repre- 
sents a major advance in clinical medicine. It approaches an ideal form 
of prophylaxis in that it can be given easily to large numbers of patients 
at risk, requires no monitoring, is relatively safe, and, used widely, 


13 


should save many lives.” 


Factors which predispose to thromboembolism Patients who should not 


in patients undergoing major elective thoracic receive low-dose heparin 
or abdominal surgery include: prophylaxis include those 
Age. Risk is significant at age 40 and is marked who: 
after age 60 have bleeding, »leeding disor- 
Immobilization ders or a diathesis. 
beds are receiving oral anticoagu- 


lants or have received platelet- 
active drugs (e.2., aspirin within 
the last five days). 


Varicose veins 
Chronic obstructive pulmonary disease 
are undergoing potentially san- 


Malignant disease 
guinous operat ons. 


Previous deep-vein thrombosis 


or pulmonary embolism are undergoing operations on 


the brain, eve or other organs, 
where even a small hemor- 
rhage could be dangerous. 


Nephrotic syndrome 

Estrogen use 

Steroid medication 

Certain thrombotic-prone blood states 
(e.g., hyperviscosity syndrome ) 


Because information to date is insufficient, low-dose heparin 
prophylaxis is not approved for patients who have recently had a spinal 
tap or who are undergoing spinal or epidural anesthesia. 


Before using low-dose Calciparine, please consult full prescribing information at the 
end of this advertisement. 


to administer the 


multicenter regimen: 


Select 
4 JS) 


— r AA 


Inject 


Discard 


Ee» 


Pre-op—A subcutaneous injection of 
5000 units (0.2 ml) of Calciparine two 
hours before surgery then. 


Post-op—A follow-up injection of 0.2 ml 
of subcutaneous Calciparine every eight 
hours following surgery. 


Therapy is maintained for seven days or 
until the patient is fully ambulatory. 


All patients should be screened prior to 
low-dose heparinization with appropriate 
tests to rule out bleeding disorders or a 
diathesis. 


The possibility of increased bleeding dur- 
ing surgery or postoperatively should be 
borne in mind. If such bleeding occurs, 
discontinuance of heparin and neutraliza- 
tion with protamine sulfate is advisable. 


The low-dose heparin formulated 
with the highest concentration and 
the lowest volume to minimize injec- 
tion hematoma and packaged to 
eliminate dosage errors. 


Calciparine is available in a high- 
concentration/low-volume formulation 
(5000 USP heparin units/0.2 ml) espe- 
cially designed to minimize injection 
hematoma. 


Calciparine is packaged in a unit-dose 
syringe containing the exact amount of 
heparin calcium established by the multi- 
center prophylactic regimen. This elimi- 
nates the possibility of dosage errors. 


New from 
Choay 
Laboratories 
Inc. 


CHOAY 


for seven decades a leading 


Choay S.A., 


innovator and manufac- 
turer of critical- care 
biologicals... 


now offers its 


scientific resources to U.S. 
medicine. 


PRINTED IN U.S.A 


In introducing Calciparine® (brand 
of heparin calcium injection) in the 
United States, Choay Laboratories 
Inc. of New York has available the 
5... d 
leading French pharmaceutical firm. 


scientific resources of Choay 


Choay 
ist in the research and manufacture 


S.A. has long been a special- 


of such critical-care biologicals as 
insulin, urokinase and heparin. The 
companys growth has paralleled 
the growth of modern medicine. 
When the great discoveries in endo- 
crinology were being made, be- 
tween 1911 and the end of World 
War II, Choay was one of the first to 
produce purified insulin. And one 
of the first to prepare purified 
gonadotropins and pituitary hor- 
mones, ACTH and HGH. This work 
was followed by research on tryp- 
sin, chymotrypsin, hyaluronidase 
and urokinase. 
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heparin Calcium injection 


To help prevent 


thromboembolism 


after surgery. 


Choay S.A. pioneered research 

in subcutaneous heparin for the 
prophylaxis of postoperative 
thromboembolism. The result 

is Calciparine® (brand of heparin 
calcium injection)—the most 
widely used subcutaneous heparin 
in the world. 


In the coming vears, Choay will 
continue its research effort by par- 
ticipation with U.S. medical institu- 
tions in the basic sciences of 
coagulation and immunology. 


This effort is in the Choay S.A. 
tradition of supplying the world 
with newer and better biologicals 


for critical-care medicine. 





0.2 ml unit-dose 
syringe and ampules of 
0.5 and 0.8 ml 
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calciparine (brand of heparin calcium injection) for subcutaneous and IV use 


DESCRIPTION 

Calciparine (brand of heparin calcium injection) is a sterile solution of heparin calcium 
derived from porcine intestinal mucosa, standardized for use as an anticoagulant, in water 
for injection. The pH of the solution is adjusted with calcium hydroxide or hydrochloric 
acid. The potency is determined by a biological assay using a USP reference standard 
based upon units of heparin activity per milligram. 

ACTIONS 

Heparin inhibits reactions which lead to the clotting of blood and the formation of fibrin 
clots both in vitro and in vivo. Heparin acts at multiple sites in the normal coagulation 
system. Small amounts of heparin in combination with antithrombin III (heparin co-factor) 
can prevent the development of a hypercoagulable state by inactivating activated Factor X, 
preventing the conversion of prothrombin to thrombin. Once a hypercoagulable state 
exists, larger amcunts of heparin in combination with antithrombin III can inhibit the 
coagulation process by inactivating thrombin and earlier clotting intermediates, thus 
preventing the conversion of fibrinogen to fibrin. Heparin also prevents the formation of 

a stable fibrin clot by inhibiting the activation of the fibrin stabilizing factor. 

Bleeding time is usually unaffected by heparin. Clotting time is prolonged by fuil therapeutic 
doses of heparin; in most cases it is not measurably affected by low doses of heparin. 
Heparin does not have fibrinolytic activity; therefore, it will not lyse existing clots. 
INDICATIONS 

Calciparine is indicated for anticoagulant therapy in prophylaxis and treatment of venous 
thrombosis and its extension; in low-dose regimen for prevention of postoperative deep 
venous thrombosis and pulmonary embolism in patients undergoing major abdomi- 
nothoracic surgery who are at risk of developing thromboembolic disease (see DOSAGE 
AND ADMINISTRATION); for prophylaxis and treatment of pulmonary embo ism; in atrial 
fibrillation with embolization; for diagnosis and treatment of acute and chronic consump- 
tive coagulopathies (disseminated intravascular coagulation); for prevention of clotting in 
arterial and cardiac surgery; and for prevention of cerebral thrombosis in evolving stroke. 
Heparin is indicated as an adjunct in treatment of coronary occlusion with acute myocar- 
dial infarction, and in prophylaxis and treatment of peripheral arterial embolism. 

Heparin may also be employed as an anticoagulant in blood transfusions, extracorporeal 
circulation, dialysis procedures, and in blood samples for laboratory purposes. 
CONTRAINDICATIONS 

Hypersensitivity to heparin. 

Inability to perform suitable blood coagulation tests, Y the whole blood clotting time, 
partial thromboplastin time, etc., at required intervals. There is usually no need to monitor 
the effect of low-cose heparin in patients with normal coagulation parameters. 
Uncontrollable bleeding. 

WARNINGS 


Calciparine should be used with extreme caution in disease states in which 
there is an increased danger of hemorrhage. 


Administration of Calciparine, when used in therapeutic dosage, should be regulated by 
frequent blood coagulation tests. If these are unduly prolonged or if hemorrhage occurs, 
Calciparine should be promptly discontinued. See OVERDOSAGE. 
Some of the concitions in which increased danger of hemorrhage exists are: 
Cardiovascular........ subacute bacterial endocarditis; arterial sclerosis; increased 
capillary permeability; during and immediately following 
a) spinal tap or spinal anesthesia, b) major surgery. 
especially involving the brain, spinal cord, or eye. 


Hematologic.......... conditions associated with increased bleeding tendencies 
such as hemophilia, some purpuras, and thrombocytopenia. 
Gastrointestinal....... inaccessible ulcerative lesions, and continuous tube drain- 


age of the stomach or small intestine. 

Calciparine may prolong the one-stage prothrombin time. Accordingly, when Calciparine is 
given with dicumarol or warfarin sodium, a period of at least 5 hours after the last 
intravenous dose and 24 hours after the last subcutaneous (intrafat) dose of Calciparine 
should elapse before blood is drawn, if a valid prothrombin time is to be obtained. 
Drugs (such as acetylsalicylic acid, dextran, phenylbutazone, ibuprofen, incomethacin, 
dipyridamole, and hydroxychloroquine) which interfere with platelet aggregation reactions 
(the main hemostatic defense of heparinizec patients) may induce bleeding and should be 
used with caution in patients on heparin therapy. 
While there is experimental evidence that heparin may antagonize the action of ACTH, 
insulin or corticoids, this effect has not been clearly defined. 
There is also evidence in animal experiments that heparin may modify or inhibit allergic reac- 
tions. However, the application of these findings to human patients has not been fully defined. 
Larger doses of heparin may be necessary in tne febrile state. 
The use of digitalis, tetracyclines, nicotine, or antihistamines may partially counteract the 
anticoagulant action of heparin. An increased resistance to heparin is frequently 
encountered in cases of thrombosis, thrombophlebitis, infections with thrombosing 
tendency, myocardial infarction, cancer, and in the postoperative patient. 
Usage in Pregnancy. Calciparine should be used with caution during pregnancy, 
especially during the last trimester and in the immediate postpartum period. 
There is no adequate information as to whether heparin may affect human fertility, or have 
a teratogenic potential or other adverse effects to the fetus. 
Heparin does not cross the placental barrier; it is not excreted in human milk. 
PRECAUTIONS 
Because Calciparine is derived from animal tissue, it should be used with caution in 
patients with a history of allergy. Before a therapeutic dose is given to such a patient, 
a trial dose of 1,000 units may be advisable. 
Calciparine should also be used with caution in the presence of hepatic or renal disease, 
hypertension, during menstruation, or in patients with indwelling catheters. 
A higher incidence of bleeding may be seen in women over 60 years of age. 
Caution should be exercised when administering ACD-converted blood (i.e., blood 
collected in Calciparine and later converted to ACD blood), since the anticoagulant activity 
of its heparin calcium content persists without loss for 22 days. ACD-converted blood may 
alter the coagulation system of the recipient, especially if it is given in multiple transfusions. 
ADVERSE REACTIONS 
Hemorrhage is the chief complication that may result from heparin therapy. An overly 
prolonged clotting time or minor.bleeding during therapy can usually be cortrolled by 
withdrawing the drug. See OVERDOSAGE. 
The occurrence of significant gastrointestinal or urinary tract bleeding during anti- 
coagulant therapy may indicate the presence of an underlying occult lesion. 
Adrenal hemorrhage with resultant acute adrenal insufficiency has occurred during 
anticoagulant therapy. Therefore such treatment should be discontinued in patients who 
develop signs and symptoms compatible with acute adrenal hemorrhage and insufficiency. 
Plasma cortisol levels should be measured immediately, and vigorous therapy with 
intravenous corticosteroids should be instituted promptly. Initiation of therapy should not 
depend upon laboratory confirmation of the diagnosis, since any delay in an acute 
situation may result in the patient's death. 
Intramuscular injection of heparin frequently causes local irritation, mild pain, or 
hematoma, and for these reasons should be avoided. These effects are less often seen 
following deep subcutaneous (intrafat) injection. Histamine-like reactions have also been 
observed at the site of injection. 
Hypersensitivity reactions have been reported with chills, fever, and urticaria as the most 
usual manifestations. Asthma, rhinitis, lacrimation, and anaphylactoid reactions have also 
been reported. Vasospastic reactions may develop independent of the origin of heparin. 
6 to 10 days after the initiation of therapy and last for 4 to 6 hours. The affected limb is 
painful, ischemic and cyanosed. An artery to this limb may have been recently 
catheterized. After repeat injections, the reaction may gradually increase, to include 
Seen pei vasospasm, with cyanosis, tachypnea, feeling of oppression, and headache. 

rotamine sulfate treatment has no marked therapeutic effect. Itching and burning, 
especially on the plantar side of the feet, is possibly based on a similar allergic 
vasospastic reaction. Chest pain, elevated blood pressure, arthralgias, and/or headache 
have also been reported in the absence of definite peripheral vasospasm. Anaphylactic 
shock has been reported rarely following the intravenous administration of neparin. 
Acute reversible thrombocytopenia following the intravenous administratior of heparin has 
been reported. Osteoporosis and suppression of renal function following long-term, high- 


dose administration, suppression of aldosterone synthesis, delayed transient alopecia, 
priapism, and rebound hyperlipemia following discontinuation of heparin have also been 
reported. 
DOSAGE AND ADMINISTRATION 
Calciparine (brand of heparin calcium injection) is not effective by oral administration and 
should be given by deep subcutaneous (intrafat, i.e., above iliac crest or into the 
abdominal fat layer) injection, by intermittent intravenous injection, or intravenous 
infusion. The intramuscular route of administration should be avoided because of the 
frequent occurrence of hematoma at the injection site. 
The dosage of Caiciparine should be adjusted according to the patients coagulation test 
results, which during the first days of treatment should be determined just prior to each 
injection. There is usually no need to monitor the effect of low-dose heparin in patients 
with normal coagulation parameters. Dosage is considered adequate when the whole 
blood clotting time is elevated approximately 2.5 to 3 times the control value. 
When Calciparine is administered by continuous intravenous infusion, coagulation tests 
should be performed approximately every 4 hours during the early stages of therapy. 
When it is administered intermittently by intravenous, or deep subcutaneous (intrafat) 
injection, coagulation tests should be performed before each injection during the early 
stages of treatment, and daily thereafter. 
When an oral anticoagulant of the coumadin or similar type is administered with 
Calciparine, coagulation tests and prothrombin activity should be determined at the start 
of therapy. For immediate anticoagulant effect, administer Calciparine in the usual 
therapeutic dosage. When the results of the initial prothrombin determination are known, 
administer the first dose of an oral anticoagulant in the usual initial amount. Thereafter, 
perform a coagulation test and determine the prothrombin activity at appropriate intervals. 
A period of at least 5 hours after the last intravenous dose and 24 hours after the last 
subcutaneous (intrafat) dose of Calciparine should elapse before blood is drawn, if a valid 
prothrombin time is to be obtained. When the oral anticoagulant shows full effect and 
prothrombin activity is in the desired therapeutic range, Calciparine may be discontinued 
and therapy continued with the oral anticoagulant. 
Therapeutic Anticoagulant Effect with Full-Dose Calciparine 
Although dosage must be adjusted for the individual patient according to the results of 
suitable laboratory tests, the following dosage schedules may be used as guidelines: 
METHOD OF RECOMMENDED DOSE 
ADMINISTRATION FREQUENCY based on 150 Ib (68 kg) patient 
Deep Subcutanecus Initial Dose 5,000 units by I.V. injection followed 
(Intrafat) Injection by 10,000-20,000 units of a concentrated 
solution, subcutaneously 

Every 8 hours 8,000-10,000 units of a concentrated solution 

(or) 


Every 12 hours 15,000-20,000 units of a concentrated solutio! 


Intermittent Initial Dose 10,000 units, either undiluted or in 50-100 ml 
Intravenous Injection isotonic sodium chloride injection 

Every 4 to 6 5,000-10,000 units, either undiluted or in 

hours 50-100 ml isotonic sodium chloride injection 
Intravenous Infusion Initial Dose 5,000 units by I.V. injection 

Continuous 20,000-40,000 units in 1,000 ml of isotonic 


sodium chloride solution for infusion/day 
1. By deep subcutaneous (intrafat) injection. After an initial |.V. injection of 5,000 units, 
inject 10,000 to 20,000 units of a concentrated Calciparine solution subcutaneously, 
followed by 8,000 to 10,000 units of a concentrated solution subcutaneously ever 
8 hours, or 15,000 to 20,000 units of a concentrated solution every 12 hours. A dilferent 
site should be used for each injection to prevent the development of a massive hematoma. 
2. By intermittent intravenous injection. 10,000 units initially, then 5,000 to 10,000 units 
every 4 to 6 hours. These amounts may be given either undiluted or diluted with 50 to 
100 ml of isotonic sodium chloride injection. 
3. By continuous intravenous infusion. After an initial I. V. injection of 5,000 units of 
Calciparine add 20,000 to 40,000 units to 1,000 ml of isotonic sodium chloride solution for 
infusion. For most patients, the rate of flow should be adjusted to deliver approximately 
20,000 to 40,000 units in 24 hours. 
Surgery of the Heart and Biood Vessels: Patients undergoing total body perfusion for 
open heart surgery should receive an initial dose of not less than 150 units of Calciparine 
per kilogram of body weight. Frequently a dose of 300 units of Calciparine per kilogram of 
body weight is used for procedures estimated to last less than 60 minutes; or 400 units pe 
kilogram for those estimated to last longer than 60 minutes. 
Low-Dose Prophylaxis of Postoperative Thromboembolism: A number of well-controlled 
clinica! trials have demonstrated that low-dose heparin prophylaxis, given just prior to and 
after surgery, will reduce the incidence of postoperative deep vein thrombosis in the legs, 
as measured by the 1-125 fibrinogen technique and venography, and of clinical pulmonary 
embolism. The most widely used dosage has been 5,000 units 2 hours before surgery anc 
5.000 units every 8 to 12 hours thereafter for 7 days or until ihe patient is fully ambulatory, 
whichever is longer. The heparin is given by deep subcutaneous injection in the arm or 
abdomen with a fine needle (25-26 gauge) to minimize tissue trauma. A concentrated 
solution of Calciparine is recommended. Such prophylaxis should be reserved for patients 
over 40 undergoing major surgery. Patients with bleeding disorders, those having 
neurosurgery, spinal anesthesia, eye surgery, or potentially sanguinous operations should 
be excluded, as well as patients receiving oral anticoagulants or platelet-active drugs (see 
WARNINGS). The value of such prophylaxis in hip surgery has not been established. The 
possibility of increased bleeding during surgery or postoperatively should be borne in 
mind. !f such bleeding occurs, discontinuance of Calciparine and neutralization with 
protamine sulfate is advisable. If clinical evidence of thromboembolism develops despite 
low-dose prophylaxis, full therapeutic doses of anticoagulants should be given unless 
contraindicated. All patients should be screened prior to heparinization to rule out 
bleeding disorders, and monitoring should be performed with appropriate coagulation 
tests just prior to surgery. Coagulation test values should be normal or only slightly 
elevated. There is usually no need for daily monitoring of the effect of low-dose 
Calciparine in patients with normal coagulation parameters. 
Extracorporeal Dialysis Use: Follow equipment manufacturers operating directions carefully 
Blood Transfusion: Addition of 400 to 600 units per 100 ml of whole blood. Usually, 7.500 
units of Calciparine are added to 100 ml of sterile sodium chloride injection (or 75,000 
units per 1,000 ml of sterile sodium chloride injection) and mixed, and from this sterile 
solution, 6 to 8 ml is added per 100 ml of whole blood. Leukocyte counts should be 
performed on heparinized blood within 2 hours after addition of Calciparine. Heparinized 
blood should not be used for isoagglutinin, complement, erythrocyte fragility tests. or 
platelet counts. 
Laboratory Samples: Addition of 70 to 150 units of Calciparine per 10 to 20 ml sample of 
whole blood is usually employed to prevent coagulation of the sample. See comments 
under Blood Transfusion. 
OVERDOSAGE 
Protamine sulfate (1% solution) by slow infusion will neutralize heparin. No more than 
50 mg should be given very slowly, in any 10-minute period. Each mg of protamine sulfate 
neutralizes approximately 100 units of heparin (or 1.0 to 1.5 mg neutralizes approximately 
1.0 mg of heparin). Heparins derived from various animal sources require different 
amounts of protamine sulfate for neutralization. This fact is of most importance during 
procedures of recional heparinization, including dialysis. 
Decreasing amounts of protamine are required as time from last heparin injection 
increases. Thirty minutes after a dose of heparin, approximately 0.5 mg of protamine 
sulfate is sufficient to neutralize each 100 units of administered heparin. Blood or plasma 
transfusions may be necessary; these dilute but do not neutralize heparin. 
HOW SUPPLIED 
Calciparine (brand of heparin calcium injection) is available as follows: 
Calciparine 5,000 USP heparin units, 0.2 ml pre-filled disposable syringe, carton of 
10, NDC 49819-012-42. 
Calciparine 12,500 USP heparin units, 0.5 ml ampule with steriie syringe and attache 
25-gauge, 5" needle, carton of 10, NDC 49819-015-63. 
Calciparine 20,000 USP heparin units, 0.8 ml ampule with sterile syringe and 
attached 25-gauge, 58" needle, carton of 10, NDC 49819-018-63. 
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Correlation of Patterns of Subendocardial 


Reperfusion and Left Ventricular Performance after Ischemia 


Harold R. Kay, M.D., Frederick H. Levine, M.D., John T. Fallon, M.D., Ph.D., 
Geir J. Grotte, M.B.B.S., John Newell, B.S., M. Terry McEnany, M.D., 
W. Gerald Austen, M.D., and Mortimer J. Buckley, M.D. 


ABSTRACT  Ninety-three dogs were studied with 
normothermic or hypothermic ischemia for 60 or 90 
minutes, with or without potassium cardioplegia. 
Radioactive-labeled microspheres (9 * 1) were in- 
jected into the aortic perfusion cannula just prior to 
aortic cross-clamping and at 2, 6, and 10 minutes 
after the clamp was released. Left ventricular (LV) 
function was analyzed with a right heart bypass 
model before and 45 minutes after the ischemia 
period. Changes in LV function were defined as the 
arithmetic difference in the center of mass between 
preischemia and postischemia computer-drawn Sar- 
noff curves. 

Regardless of technique of myocardial protection, 
increased subendocardial flow 2 minutes after isch- 
emia correlated strongly with preservation of LV 
function (p « 0.01). Well-preserved hearts showed a 
rapid return to normal levels of coronary blood flow 
(p « 0.01). In contrast, a delay in the peaking of sub- 
endocardial flow to 10 minutes was associated with 
poor function (p « 0.01). There was a high correla- 
tion between ultrastructural morphology and LV 
function. While well-preserved hearts show early 
preferential subendocardial perfusion, the poorly 
protected myocardium is unable to restore adequate 
subendocardial flow early in the reperfusion period. 


The left ventricular (LV) subendocardium is the 
area of the myocardium most vulnerable to 
ischemia during induced cardiac arrest. The 
subendocardium assumes the largest oxygen 
debt during ischemia and therefore must have 
preferential flow during reperfusion to main- 
tain viability. Myocardial protection techniques 
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must preserve normal subendocardial anatomy 
and flow distribution to avoid ischemic injury 
and a subsequent deterioration of LV function. 
Previous studies in this laboratory have dem- 
onstrated a high correlation between sub- 
endocardial damage after ischemia and LV 
performance [1]. The present study was under- 
taken to evaluate transmural blood flow distri- 
bution during early and late reperfusion fol- 
lowing global ischemia and to then correlate 
patterns of flow distribution with mechanical 
recovery and ultrastructural morphology. 


Materials and Methods 

Ninety-three mongrel dogs were studied. Ani- 
mals were anesthetized with sodium pentobar- 
bital and maintained by pentobarbital and gal- 
lium triethiodide. Ventilation was controlled 
and blood gases were maintained in the physi- 
ological range by a volume respirator. Catheters 
were placed in the right internal mammary ar- 
tery, right superior pulmonary vein, and LV 
apex for continuous monitoring of central aor- 
tic, left atrial (LAP), and LV pressures, re- 
spectively. Cannulas were introduced into the 
right ventricle to measure coronary blood flow 
and into the femoral artery to collect mi- 
crosphere reference samples. 

The animals were placed on cardiopulmonary 
bypass with aortic perfusion through the left 
subclavian artery and venous return through 
separate caval cannulas. Mean arterial pressure 
was maintained at 90 mm Hg throughout each 
experiment. A second perfusion line was in- 
serted into the left atrium through the ap- 
pendage for left heart volume loading. Once 
the animal was on total cardiopulmonary by- 
pass, tapes previously placed around the main 
pulmonary artery and both pulmonary hili 
were tightened to eliminate pulmonary and 
bronchial blood flow. The sinoatrial node was 
crushed and the right atrium paced at 140 to 160 
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beats per minute. A thermistor gauge was 
placed in the interventricular septum to record 
temperature. 

After stabilization, Sarnoff ventricular func- 
tion curves were obtained by progressively in- 
creasing flow through the left atrial cannula. 
Arterial pressure was maintained constant at 
90 mm Hg by appropriately decreasing flow 
through the aortic perfusion line. LAP was 
measured at 400 ml increments of flow between 
400 and 4,800 ml per minute or until mitral 
valve regurgitation was noted on the LAP trac- 
ing. This occurred occasionally when the post- 
ischemia function curves were obtained in se- 
verely damaged hearts. Ventricular function 
curves were then inscribed by plotting LAP 
against both cardiac output (LA perfusion line 
flow) and left ventricular stroke work (LVSW ). 

After the control function studies, 15 minutes 
were allowed for metabolic and hemodynamic 
recovery before the aorta was cross-clamped. 
During this 15-minute period, arterial infu- 
sion temperature was lowered to 28°C for all 
hypothermia studies. The aorta was then 
cross-clamped, and a 4°C bolus of cardioplegic 
solution (approximately 120 ml) was rapidly in- 
jected into the aortic root until complete elec- 
tromechanical arrest was obtained. Fifteen 
minutes prior to release of the cross-clamp, the 
arterial perfusion temperature was raised to 
37°C. Any heart that did not defibrillate spon- 
taneously after the cross-clamp was removed 
underwent cardioversion after 4 minutes of re- 
perfusion. Repeat ventricular function curves 
were plotted 45 minutes after release of the 
cross-clamp. 

Radioactive microspheres (9 + 1) labeled 
with iodine 125, cerium 141, strontium 85, and 
scandium 46 were injected into the arterial 
perfusion cannula before the cross-clamp was 
applied and 2, 6, 10, and 45 minutes after the 
cross-clamp was released (maximum of four 
injections per dog). Reference flows were 
collected through a femoral artery catheter. 
Total and regional blood flow was measured; 
flow per 100 gm of myocardium and endocar- 
dial:epicardial ratios were calculated in the 
manner of Domenech [2], Buckberg [3], and 
their associates. 

High-speed drill biopsies were taken from 
the LV free wall immediately before the cross- 


clamp was applied, 2 minutes after the cross- 
clamp was removed, and 45 minutes after 
cross-clamp removal. Samples were divided 
into endocardial and epicardial halves, were 
immediately immersed in cacodylate-buffered 
glutaraldehyde-paraformaldehyde fixative, and 
were divided into 1 mm blocks. Fixation con- 
tinued for two hours at room temperature. 
Tissues then were fixed in osmium tetrox- 
ide, stained en bloc with uranyl acetate, dehy- 
drated, and embedded for sectioning. Initial 
morphological evaluation was performed with- 
out knowledge of the preservation methods 
used. 

Semiquantitative ultrastructural analysis of 
LV biopsies was based on ten equally weighted 
indices of ischemic injury in representative 
electron micrographs from four or five ran- 
domly selected sets of biopsies in each group. 
In this manner, a score of zero was given 
when no changes were found, i.e., tissue ultra- 
structurally normal, and a maximum score of 10 
was recorded for the most severely affected tis- 
sues. The scored changes included intracellular 
edema, mitochondrial degeneration (including 
swelling with dense granule formation, loss of 
matrix or cristae, and rupture), dilated sarco- 
plasmic reticulum or T-tubules, or cytoplasmic 
vacuolization, myofibrillar disruption or dis- 
solution, breakdown or dehiscence of inter- 
calated discs, severe margination of nuclear 
chromatin, myocardial cell membrane rupture, 
interstitial edema, and capillary endothelial 
swelling, bleb formation, or rupture. 

Data from each experiment were stored and 
analyzed on a Xerox Sigma 3 digital computer. 
Ventricular function curves for each animal 
were described by plotting LVSW against LAP. 
Intergroup differences were analyzed by cal- 
culating the center of mass of both the LAP and 
LVSW axes of all curves, normalizing the differ- 
ences before and after ischemia as a percentage 
of preischemic values, and using a standard 
multivariate analysis of variance technique to 
determine shifts in LV function curves along 
either the LAP or LVSW axis. 

Because afterload and stroke volume are fixed 
in this model, LVSW is a function of LAP and 
both measure similar shifts in the ventricular 
function curves. For purposes of data presenta- 
tion, therefore, results were tabulated as per- 


PR 
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Table 1. Protocols of Myocardial Protection 


Duration Septal 
No. of of Ischemia Temperature 
Group Animals (min) g% 
A 9 T 34 
B 16 60 34 
C 5 60 34 
D 23 90 34 
E 7 45 24 
F 5 60 24 
G 15 90 24 
H 13 90 24 


% LVSW Ultrastructure 
Cardioplegia + SEM Score 
104 + 4 0 
T 57 $5 7 
K* 78 +9 3 
K* 45 +6 T 
01 d 7 2 
83 + 12 2 
bá 49 t 7 4 
Kt 83 + 6 1 


% LVSW = percent recovery of left ventricular stroke work; SEM = standard error of the mean. 


Table 2. Animals Grouped by Percent Recovery 
of Left Ventricular Stroke Work 


No. of 
Group Animals 9o LVSW + SEM 
1 (27596 LVSW) 33 92.94 = 1.33 
2 (34-75% LVSW) 31 54.09 + 2.36 
3 («3490 LVSW) 20 22.89 £ 1.76 
4 (control— 9 103.59 + 4.03 


no ischemia) 


% LVSW = percent recovery of left ventricular stroke work; 
SEM = standard error of the mean. 


cent recovery of LVSW. However, statistical 
analysis of intergroup differences is based on 
shifts of both axes of the LV function curves [1, 
4]. 

Animals were divided into eight protocols of 
myocardial protection (Table 1). There was a 
control group (A) with two hours of cardiopul- 
monary bypass without ischemia; in the other 
seven groups, ischemia time, septal tempera- 
ture, and addition of potassium cardioplegia 
were varied to develop a wide range of post- 
ischemic myocardial function. After initial data 
analysis of the eight groups, all 93 animals, re- 
gardless of mode of protection, were divided 
into four groups based solely upon percent re- 
covery of LVSW (Table 2). 


Results 

All groups showed some depression in ventric- 
ular performance compared with the control 
group (p < 0.01). Animals protected with hypo- 
thermia and potassium cardioplegia showed the 


best recovery of LVSW, as outlined in Table 1, 
but regardless of technique of myocardial pro- 
tection, increased subendocardial flow 2 min- 
utes after ischemia correlated strongly with 
preservation of LV function (p « 0.01). Group 1 
animals showed a large increase in suben- 
docardial blood flow. This increase was less 
marked in Group 2. Group 3 animals, with poor 
LV function, showed a shunting of blood away 
from the subendocardium. Total coronary 
blood flow was the same in all groups, averag- 
ing five times control. 

After 45 minutes of reperfusion, the well- 
protected hearts in Group 1 had returned 
to control endocardial:epicardial ratios while 
Groups 2 and 3 showed a marked decrease in 
subendocardial flow (p « 0.01). The endocar- 
dial:epicardial ratio in the control group re- 
mained constant at 1.06 and 1.10 at 2 and 45 
minutes, respectively (Fig 1). 

In a different subset in which the immediate 
reperfusion period was studied (Fig 2), Groups 
1 and 2 showed early subendocardial reperfu- 
sion whereas the poorly protected animals had 
a prolonged delay in subendocardial perfusion. 
After 10 minutes of reperfusion in Groups 1 and 
2, subendocardial flow had peaked and begun 
to return to baseline but Group 3 was just be- 
ginning to provide increased subendocardial 
flow. The increase in subendocardial flow in 
Group 3 animals after 10 minutes was less sig- 
nificant because total coronary flow was only 
two times control at 10 minutes compared with 
five times control at 2 minutes. 

Ultrastructural analysis confirmed the in- 
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Fig 1. Patterns of transmural blood flow distribution 
during the entire reperfusion period. (ENDO:EPI = 
endocardial: epicardial.) 
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Fig 2. Patterns of transmural blood flow during the 
early reperfusion period. (ENDO: EPI = endocar- 
dial: epicardial.) 


crease in vascular resistance in the poorly pro- 
tected hearts. Group 3 animals had an increased 
incidence of myocytic and capillary endothelial 
damage with intracellular edema, mitochon- 
drial degeneration, cell membrane rupture, and 
myofibrillar disruption (Fig 3). In contrast, a 
normal ultrastructure was present in Group 1 
animals (Fig 4). The overall correlation between 
ultrastructural morphology and LV function is 
presented in Figure 5. 





Comment 

Reperfusion injury following myocardial isch- 
emia is a phenomenon that is much discussed 
but little understood [5-8]. These studies sug- 
gest that in the well-preserved myocardium, 
subendocardial blood flow can be rapidly re- 
stored because of the presence of an intact ul- 
trastructure, and need only be sustained for a 
short period because of a small oxygen debt. 
However, in the poorly protected heart, suben- 
docardial flow is compromised because the 
combination of myocytic and capillary damage 
produces increased subendocardial resistance. 
Thus, in poorly protected hearts, early flow is 
moderately increased for a prolonged period in 
an attempt to repay the increased oxygen debt 
caused by poor myocardial protection and late 
flow is decreased because of permanent suben- 
docardial injury. 

Normal coronary blood flow distribution is a 
dynamic balance between endocardial and 
epicardial flow (Fig 6). However, during isch- 
emia there is an accumulation of metabolic 
waste products |4], and upon reperfusion, these 
substances cause vasodilatation and a decrease 
in vascular resistance, the postischemic hyper- 
emia response which has teleologically been 
related to repayment of oxygen debt. 

In the normal or only slightly damaged 
myocardium (Group 1), there is a preferential 
flow to the subendocardium, presumably be- 
cause this is the area that has incurred the 
largest oxygen debt. However, there is a degree 
of ischemia, seen in Group 2 dogs, when the 
extent of subendocardial reperfusion does not 
reflect the degree of ischemia. We suspect that 
this reperfusion pattern is the consequence of a 
combination of myocytic edema and vascular 
damage which increases subendocardial resis- 
tance, a hypothesis suggested by Powell and 
co-workers [9]. Because reflow into a previously 
damaged vascular bed promotes further dis- 
ruption and edema, a cycle is established that 
ultimately results in severe subendocardial 
damage within 45 minutes of reflow. 

Group 3 is an example of severe capillary en- 
dothelial damage during the ischemia period. 
Because of increased subendocardial resistance 
in this group, there is a marked diminution of 
subendocardial flow on reperfusion. The most 
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Fig 3. Electron micrograph showing myocytic and capil- 
lary endothelial damage in a Group 3 animal. ( X4,500.) 





Fig 4. Electron micrograph showing a normal myocar- 
dial ultrastructure in a Group 1 animal. ( X4,500.) 
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Fig 5. Correlation between ultrastructural changes and 
recovery of left ventricular function after 45 minutes of 
reperfusion. (E.M. = electron microscope; LVSW = left 
ventricular stroke work.) 
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Fig 6. One mechanism by which myocytic damage 
might lead to shunting of blood away from the suben- 
docardium. 


severe form of ischemic damage, seen in only 1 
or 2 dogs, was the "no reflow” phenomenon in 
which total coronary reperfusion flow was re- 
duced. No reflow is a very poor prognostic sign 
as it implies damage to the entire myocardial 
microvasculature, not just that of the suben- 
docardium. 


Our previous studies suggested that the 
marked hyperemic response following ischemia 
is essential to restoration of myocardial func- 
tion, not only representing a washout of meta- 
bolic products but also providing substrate 
during a period when the myocyte is not capa- 
ble of normal function |4]. The first few minutes 
of reperfusion might represent an obligatory lag 
period during which the myocyte must replace 
essential substrate to restore mitochondrial 
phosphorylation and replete energy stores to 
allow a return to normal function [10]. A lag 
phase after ischemia has been demonstrated 
even after good myocardial protection, both by 
measurement of mitochondrial activity [10] and 
high-energy phosphates |11]. 

Much attention has been focused on the early 
reperfusion period [12, 13], and several inves- 
tigators have thought that modification of he- 
modynamic [5, 6] or biochemical factors [4, 7, 8, 
14, 15] during this period might improve myo- 
cardial recovery after ischemia. The value of 
such interventions depends on whether the 
myocardial injury is inherent to the reperfusion 
or whether it merely reflects the injury incurred 
during the ischemic state. 

If irreversible structural damage, such as 
ischemic destruction of cell membranes, has al- 
ready occurred during the cross-clamp period, 
no modification of the reperfusion milieu can 
restore these cells. If, however, the ischemic 
damage is reversible, such as a temporary loss 
of membrane integrity because of a low energy 
supply, proper reperfusion might salvage isch- 
emic but reversible myocardium while im- 
proper reperfusion might lead to increased cel- 
lular edema and subendocardial resistance with 
decreased subendocardial flows and increased 
subendocardial ischemia. 

Clearly, the myocardium is vulnerable during 
this period, but the best protection during re- 
perfusion is still in question. However, it is 
apparent that maximum preservation of the 
myocardium during arrest is the best protection 
during reperfusion and, while important stud- 
ies continue on reperfusion injury, this injury 
is negligible in the absence of ischemic dam- 
age to the myocardium. 

In summary, we believe that there is a con- 
tinuum of myocardial damage following in- 
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duced arrest, with the most severe damage oc- 
curring in the subendocardium. The damage 
includes both myocytic and vascular endothe- 
lial cell components. A combination of these 
two elements produces shunting away from 
the subendocardium in a cycle that produces 
further subendocardial ischemia, necrosis, and 
ultimately, fibrosis. Further experiments must 
be directed at preventing these pathological 
changes. This study confirms the efficacy of 
hypothermia and potassium cardioplegia in re- 
storing and maintaining myocyte and endothe- 
lial integrity, early subendocardial reperfusion, 
and thus LV function after ischemia. 
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Bronchogenic Carcinoma and Postoperative 
Empyema: Is Survival Really Enhanced? 


Alan Peterson, M.D., Marvin Kirsh, M.D., 
and Herbert Sloan, M.D. 


ABSTRACT From 1959 to 1974, 542 patients under- 
went curative resection for bronchogenic carcinoma. 
Postoperative empyema occurred in 17 of these pa- 
tients. The overall 5-year survival of these 17 pa- 
tients was only 18%, compared with 27% in the 525 
patients without empyema. We were unable to dem- 
onstrate by our study or by a review of the literature 
that postoperative empyema favorably influences 
survival in patients who have had pulmonary resec- 
tion for bronchogenic carcinoma. 


There are conflicting data in the literature con- 
cerning the effect of postoperative empyema on 
survival following pulmonary resection for 
bronchogenic carcinoma. Sensening and associ- 
ates [1], LeRoux [2], Takita [3], and Ruckdeschel 
and colleagues [4] reported improved survival 
in people in whom empyema developed after 
surgical resection for carcinoma of the lung. On 
the other hand Cady and Clifton [5], Lawton 
and Keehn [6], Minasian [7], Brohee [8], and 
their co-workers failed to demonstrate en- 
hanced survival in patients with a postopera- 
tive empyema, and some found decreased sur- 
vival in these patients. Our experience with 
empyema following pulmonary resection for 
bronchogenic carcinoma at the University of 
Michigan Medical Center is discussed here. 


Clinical Experience 

During the 15-year period from 1959 to 1974, 
542 patients underwent curative resection for 
bronchogenic carcinoma. Retrospectively, clin- 
ical staging was established according to the 
guidelines of the American Joint Committee for 
Cancer Staging and End-Results Reporting [9]. 
Postoperative empyema occurred in 17 patients 
(3.1%). It developed in 10 patients following 
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pneumonectomy and in 7 following lobectomy. 
The study did not demonstrate that survival is 
enhanced in patients in whom empyema devel- 
oped following pulmonary resection. 

The overall 5-year survival of the 17 patients 
with postoperative empyema was only 18%. 
survival according to the clinical stage, extent 
of pulmonary resection, and histological cell 
type is listed in Tables 1 and 2. All 3 5-year sur- 
vivors were classified as having Stage I disease. 
The cause of death was known in 14 patients. 
All but 1 died of recurrent carcinoma. 

All of the empyemas occurred in the immedi- 
ate postoperative period. A variety of organ- 
isms, both gram-positive and gram-negative, 
were cultured from the empyema cavities in 
every patient. Each patient was treated with 
open or closed tube thoracostomy plus anti- 
biotics. 


Comment 

Numerous attempts have been made to deter- 
mine the factors influencing long-term survival 
following pulmonary resection for broncho- 
genic carcinoma. Chronic postoperative empy- 
ema has been found by some investigators to 
prolong survival. Cady and Clifton [5] anal- 
yzed 5-year survival in 40 patients with and 
333 patients without empyema, and found 
rates of 35% and 13%, respectively. They con- 
cluded that the difference was statistically 
significant. Nonspecific immune response was 
cited as a major factor by these authors, who 
Observed that successful transplantation of 
tumors was reduced after innoculation with 
bacille Calmette-Guerin and that homografted 
skin was rejected more quickly after sensi- 
tization with certain bacteria, including Staph- 
ylococcus aureus. They showed that among 
the 5-year survivors with postpneumonectomy 
empyema, 5. aureus had been the infecting or- 
ganism more frequently than would have been 
expected by chance. Similarly, Takita [3] 
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Table 1. Empyema and Survival Following Resection 


Patient 
No. 


“ID uw st GW he C 


Age 
(yrs) 


65 
49 
68 
49 
58 
51 
58 
61 
60 
50 


Sex 


Operation 
RUL 
L pneum. 
LLL 
L pneum. 
R pneum. 
R pneum. 
R pneum. 
L pneum. 
RUL 
R pneum. 
L pneum. 
R pneum. 
LLL 
R pneum. 
RML, RLL 
RLL 
ELE 





Follow-up Cause of 
Cell Type Stage (mos) Death 
Squamous I 12 Cancer 
Squamous I 168 Alive 
Squamous I 48 Cancer 
Squamous I 24 Cancer 
Squamous ] 2 Cancer 
Squamous I 6 Cancer 
Squamous ] 6 Cancer 
Squamous I 12 Cancer 
Squamous IH 20 Cancer 
Squamous I 60 Alive 
Squamous H 6 Cancer 
Squamous H 24 Cancer 
Adenocarcinoma I 7 Cancer 
Adenocarcinoma HI 15 Cancer 
Adenocarcinoma HI 6 Cancer 
Undifferentiated I 6 Cancer 
Undifferentiated I 68 Cerebrovascular 
accident? 





3No known recurrence at death. 


RUL = right upper lobe; LLL = left lower lobe; RML = right middle lobe; RLL = right lower lobe. 


Table 2. Results of Surgical Therapy in Patients with and without Empyema 





With Empyema 


Without Empyema 





——— l((— Total No. Alive 5-Year 

Type 5-Year Survival (96) No. 5 Years Survival (96) 
Stages I, H 45 14 3 22 
Stage III 34 3 0 0 
Squamous cell carcinoma 43 12 2 17 
Adenocarcinoma 27.5 3 Q 0 
Undifferentiated carcinoma 14 P 1 50 
Lobectomy 38 7 1 14 
Pneumonectomy 30 10 2 20 

Overall 36.2 17 3 18 





analvzed survival in 14 patients with and 178 
patients without empyema, and found rates of 
54% and 27%, respectively. He concluded that 
empyema may have a favorable influence on 
survival. 

Ruckdeschel and co-authors |4] compared the 
clinical course of 18 patients who had post- 
operative empyema with that of 34 patients 
who did not. They found an improved survival 
(50% vs 18%) when empyema developed after 


surgical resection for carcinoma of the lung. 
They thought the protection from recurrent 
cancer conferred on these patients by postop- 
erative empyema may have been mediated by 
the activation of regional cellular immune 
mechanisms. Also, they believed the reac- 
tion between immune lymphocytes and bacte- 
rial antigens releases lymphokines and activates 
macrophages that destroy residual tumor 
cells nonspecifically while containing the intra- 
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Table 3. Effect of Postoperative Empyema on 5-Year Survival as Reported in the Literature 
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With Empyema 


No. of 


Without Empyema 








5-Year No. of 5-Year 

Author Patients Survival (96) Patients Survival (%) 
Cady and Clifton [5] 40 35 333 13 
Takita [3] 14 54 178 P 
Sensening et al |1] 7 43 283 22 
Ruckdeschel et al |4] 18 50 34 18 
LeRoux 12] 24 42 T "m 
Minasian et al {7| 50 24 50 24 
Lawton and Keehn [6] 34 17.6 899 25.2 
Brohee et al 18j 14 42 51 51 
Goldstraw |10j 23 23 156 30.8 
Peterson et al 17 18 525 dd 


[present study, unpublished 
data (Kirsh and Sloan)] 


pleural infection. Other mechanisms of action 
include physical blockage of lymphatics by the 
inflammatory process and tumoricidal effects of 
bacterial toxins |8, 10]. 

These studies are difficult to interpret due to 
a lack of coherent information with reference to 
histological cell type, tumor staging, type of op- 
eration, and the presence of residual neoplastic 
cells. In a retrospective study by Minasian and 
co-workers [7], 50 patients in whom an em- 
pyema developed and 50 patients without this 
complication were matched with regard to age, 
sex, extent of lymphatic spread, and use of 
postoperative radiotherapy. They noted no sig- 
nificant difference in survival between the two 
groups. Lawton and Keehn [6] could find no in- 
creased survival in 34 patients with a post- 
operative empyema compared with 899 patients 
without this complication. Goldstraw [10] also 
could find no difference in 5-year survival be- 
tween 30 patients in whom an empyema devel- 
oped after pneumonectomy and 156 patients 
free from postoperative empyema (23% vs 
30.8%). 

Similarly, the results of the present study 
failed to demonstrate an enhanced survival in 
patients with postoperative empyema. The sur- 
vival of 18% in our patients with empyema is in 
marked contrast to the 5-year survival of 36.2% 
in patients without empyema reported previ- 
ously [11]. Patient selection did not contribute 


to the poor prognosis in the group with em- 
pyema since 14 of the 17 patients were classified 
as having Stage I disease and 12 had squamous 
cell carcinoma. In our experience, these two 
factors are associated with a good prognosis, 
since these patients have a 5-year survival of 
45% and 43%, respectively. Since no patient 
died of septicemia or other complications of 
empyema, the poor results in these patients 
cannot be attributed to this factor. 

It is difficult to derive any firm conclusion 
from this study or those in the literature since 
the number of patients reported in various 
series studied were often too small to be of 
statistical significance. Nonetheless, we were 
unable to demonstrate by our study and the 
literature does not show conclusively that 
postoperative empyema favorably influences 
survival in patients who have had pulmonary 
resection for bronchogenic carcinoma (Table 3). 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-eighth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at The Breakers, Palm Beach, FL, Nov 5-7, 
1981. There will be a $100 registration fee for 
nonmember physicians except for guest speak- 
ers, authors and co-authors on the program, 
and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by May 15, 1981, to Maruf Razzuk, M.D., 
1201 Barnett Tower, 3600 Gaston Ave, Dallas, 
TX 75204. Abstracts should be double-spaced 
on one side of one sheet of paper, with a 1-inch 


left margin, and limited to 200 words. All slides 
used during the presentation must be 35 mm. 
The abstract must list a member as a co-author. 
Manuscripts of accepted papers must be sub- 
mitted to The Annals of Thoracic Surgery by Oct 
15, 1981. 

Applications for membership should be 
completed by Sept 1, 1981, and forwarded to 
Joseph M. Craver, M.D., 1365 Clifton Road, NE, 
Atlanta, GA 30322. 


Richard B. McElvein, M.D. 
Secretary- Treasurer 





Pulsatile Sternal Tumor: 


Report of Three Cases and a Review of the Literature 


Aaron S. Estrera, M.D., Melvin R. Platt, M.D., Lawrence J. Mills, M.D., 


and Robert R. Shaw, M.D. 


ABSTRACT At our institution, 3 patients with pul- 
satile sternal tumor have been seen. Although as- 
cending aortic aneurysm frequently is high on the list 
of differential diagnoses, the likelihood that this 
tumor is metastatic from either a primary renal or 
thyroid neoplasm is overwhelming. Of the 15 pa- 
tients reported, 11 had metastases from a primary 
renal cell carcinoma, including all 3 of our patients. 
There were 2 patients with primary myeloma, the 
only histologically proved primary pulsatile sternal 
tumor. 

From the surgical standpoint, only the patient 
with metastatic renal cell carcinoma has a chance of 
cure. With the recent report of 2 5-year survivors and 
our own experience of 1 patient with a long asymp- 
tomatic interval following resection of the primary 
kidney tumor and the secondary sternal metastasis, 
the attitude of hopelessness for these patients should 
be challenged and an aggressive approach con- 
sidered. 


Historically, the presence of a pulsatile mass 
over the sternum has been interpreted as sec- 
ondary to an aneurysm involving the ascending 
aorta that has eroded through the anterior chest 
wall. Eshner |1], in 1908, reported a metastatic 
pulsatile sternal tumor from renal cell car- 
cinoma and described it as “simulating an as- 
cending aortic aneurysm." Lewis [2] reported 
on pulsating manubrial tumors in 2 patients 
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with syphilis who were diagnosed as having 
"pointing aneurysms" until it was discovered 
that they had obvious metastatic lesions from 
malignant kidney tumor. In 1942, Horsley [3] 
stated that "the most common origin of a pul- 
sating mass in the sternum is an aneurysm of 
the aorta.” This “misconception” has persisted, 
as frequently happens in the field of medicine, 
so that even today, aortic aneurysm is almost 
always the first diagnostic consideration in the 
presence of a pulsating sternal mass. This con- 
cept was conceived without a strong clinical 
basis. In their reviews, Cranley and co-workers 
|4] and Boyd |5] demonstrated that pulsatile 
sternal mass presentation of ascending aortic 
aneurysms is extremely rare. In their analysis of 
160 patients with syphilitic aortic aneurysms 
(91% involving the ascending aorta and the 
arch), Cranley and associates |4] failed to men- 
tion that any patient had a pulsatile sternal 
tumor when first seen, although 2 patients were 
reported to have died of aneurysmal rupture 
through the anterior chest wall. Boyd [5], in his 
review of 4,000 cases of thoracic aortic aneu- 
rysms, stated that “tumor as a symptom [of 
thoracic aortic aneurysm] is overemphasized.” 

The reviews on pulsatile sternal tumor by 
Crile [6] and Kinsella and associates |7] showed 
that in the overwhelming majority of patients, 
the process is metastatic from either renal or 
thyroid malignancy. Primary sternal tumors 
(sarcoma, hemangioma, benign giant cell 
tumor, myeloma, or lymphoma) are very rare 
possibilities. 

Recently, we saw an 87-year-old man with a 
pulsatile sternal tumor which proved to be 
metastatic from a primary renal cell carcinoma. 
This prompted us to review our records for 
similar cases. In addition, we also reviewed the 
English-language medical literature for cases of 
pulsatile sternal tumor in the past 30 years. 
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Pulsatile Sternal Tumor? 








No. of Form of 
Author Year Patients Final Diagnosis Treatment Outcome 
Pygott and 1959 1 Malignant hemangioma” Irradiation NM 
Hutton | 10) 
Spitzer et al 1964 1 Hypernephroma Surgical resection NM 
[12] | 
Hudson and 1966 2 Hypernephroma, 1; Surgical resection, 1; NM 
Middleton thyroid carcinoma, 1 irradiation, 1 NM 
19] 
Simon {11} 1967 2 Multiple myeloma Biopsy only Both died 
Bosniak et al 1968 1 Hypernephroma Irradiation NM 
(8) 
Tamisea and 1971 1 Hypernephroma Irradiation NM 
Shields [14] 
Yale and Wear 1972 3 Hypernephroma Surgical resection (2) Two survived 
[15] 5 yr; 1 died 
Taboada etal 1972 1 Hypernephroma Irradiation Died 
[13] 





*All patients reported after the last review on this subject in 1947. 


"No histological tissue confirmation. 


NM - not mentioned. 


Material and Methods 

Review of the Literature 

Since the last review on the subject of pulsatile 
sternal tumor by Crile [6] in 1936, with an up- 
date by Kinsella and associates [7] in 1947, 
we have collected 12 additional cases [8-15] 
(Table). Pulsatile sternal tumor is, indeed, a 
very rare lesion. No single institution can doc- 
ument extensive experience with this disease 
entity. Although almost all of these lesions are 
metastatic in origin, a different trend has de- 
veloped regarding the primary site. We have 
found only 1 patient with metastatic thyroid 
carcinoma, a sharp contrast to the 50% inci- 
dence in Crile's review [6]. Hypernephroma 
was the predominant primary tumor (8 out of 12 
patients). 

All but 3 lesions were confirmed on histologi- 
cal examination. Two of the three unconfirmed 
tumors were presumed to be of renal origin 
because of the presence of the characteristic 
pyelographic changes. The other was diag- 
nosed clinically as malignant hemangioma, 
without histological verification [10]. 

Patients ranged in age from 54 to 80 years, 
with the majority (8 out of 12) being in the sixth 


decade of life. Ten of the 12 patients were men. 
The manubrium was involved in the majority of 
patients (9). Clinically, a systolic bruit was 
noted in 3 and a continuous murmur in 2 
others. In four of the 12 patients, the preopera- 
tive diagnosis was ascending aortic aneurysm 
"pointing" or eroding through the sternum. 

Biopsy of the sternal mass was carried out in 
3 patients. Sternal resection for cure was per- 
formed in 3 of the patients with metastatic renal 
cell carcinoma. In 2, the sternal resection was 
performed approximately two weeks following 
nephrectomy, and in 1, 3 years after nephrec- 
tomy. Four of the 12 patients were treated by 
irradiation. 

Prognosis and survival in these patients 
could not be fully determined, primarily be- 
cause of the absence of follow-up reports. There 
were only 2 known 5-year survivors, and both 
were treated by sternal resection and nephrec- 
tomy for metastatic renal cell carcinoma. The 1 
patient with metastatic thyroid carcinoma and 
the 2 patients with multiple myeloma died. Of 
the 4 patients who had undergone irradiation, 
only 1 showed appreciable favorable clinical re- 
sponse. 
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Photomicrograph of the sternal mass biopsy demon- 
strating histological features consistent with metastatic 
renal cell carcinoma. Note the abundant vascular chan- 
nels. (H&E; X468.) 


Case Reports 

From our institution, three patients with pul- 
satile sternal tumor, all metastatic from renal 
cell carcinoma, are reviewed. 

PATIENT 1. An 87-year-old man who had 
been followed in the Medicine Clinic since 1968 
for essential hypertension, was admitted to the 
Thoracic Surgery Service for evaluation of an 
enlarging mass over the upper sternum on 
April 18, 1978. Except for an increasing short- 
ness of breath, the patient was asymptomatic. 

Physical examination revealed a semicachec- 
tic 87-year-old man in no acute distress. The 
thyroid gland was normal to palpation. On 
chest examination, a firm, nontender, fixed 
mass, 6 X 8 cm, was noted anteriorly just over 
the manubrium. The mass was pulsatile. No 
bruit was heard. There were expiratory 
wheezes in both lung fields, with diminished 


breath sounds over the left base. The abdomen 
was unremarkable. 

Laboratory examination revealed the pres- 
ence of a large number of red blood cells in the 
urine (50+/high-power field). Chest roentgeno- 
gram showed left-sided pleural effusion and the 
presence of multiple ill-defined masses on both 
lung fields. The aortic shadow was sharply out- 
lined and appeared normal. Sternal roentgeno- 
gram showed a lytic lesion involving the an- 
terior portion of the manubrium. 

In the presence of microscopic hematuria and 
the absence of palpable thyroid abnormalities, 
renal evaluation was clearly indicated. Intrave- 
nous pyelography revealed a 5 cm mass lesion 
on the lower pole of the left kidney. Confirma- 
tion of the diagnosis of metastatic renal cell car- 
cinoma was obtained by biopsy (Figure). 

The patient's poor general condition and the 
highly suggestive findings of widespread 
metastasis ruled out surgical resection as the 
mode of treatment. Irradiation was utilized. 
Three months later, the patient was readmitted 
with bilateral massive pleural effusions and as- 
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cites. The sternal mass remained unchanged. 
Symptomatic relief was accomplished by tho- 
racentesis and paracentesis. The patient is be- 
ing followed in the outpatient clinic for sup- 
portive care. 

PATIENT 2. A 44-year-old man had been 
followed for three months by his family physi- 
cian because of chest pain. Clinically, the pain 
. appeared to be chest wall in origin. Cardiac 
evaluation had been unremarkable. In the last 
weeks prior to admission, he was noted to have 
tumefaction on the lower anterior chest wall 
with increased warmth and tenderness, par- 
ticularly along the costochondral junction. 
Clinically, he failed to respond to any of the an- 
tiarthritic agents used and therefore was ad- 
mitted to the hospital for further evaluation. 

Physical examination revealed a  well- 
developed man in mild distress with normal 
vital signs. No cervical lymphadenopathy was 
noted, and the thyroid gland was normal to 
palpation. Chest examination was unremark- 
able except for a noticeable prominence in the 
lower sternal area with inflammatory signs of 
redness and increased temperature. The rest of 
the physical examination was normal. 

Laboratory examination including urinalysis 
was unremarkable. The chest roentgenogram 
was interpreted as normal. Detailed roentgen- 
ographic sternal examination revealed a destruc- 
tive lesion involving the body of the sternum. 

On the third hospital day, a needle biopsy of 
the sternal lesion was nondiagnostic. During 
the procedure, it was specifically noted by the 
operator that the area of tumefaction "is warm 
and faintly pulsatile." With the negative result 
on needle biopsy, open biopsy was recom- 
mended. This was performed by one of us 
(R. R. S.). The procedure was described as very 
bloody. In addition, extensive necrosis involv- 
ing the full thickness of the body of the sternum 
was noted. The histological tissue diagnosis 
was adenocarcinoma, clear cell type, consistent 
with primary renal origin. 

Further renal evaluation including intrave- 
nous pyelography and renal arteriography was 
performed. The intravenous pyelogram was 
interpreted as normal, but the renal angiogram 
revealed a 2 cm mass lesion in the upper pole 
of the left kidney. Metastatic survey including 


liver, brain, and bone scan and bone marrow 
biopsy was interpreted as normal. 

Approximately two weeks following the open 
biopsy, a left radical nephrectomy and an in- 
cidental splenectomy were performed. On 
pathological examination, a 1.5 cm renal cell 
carcinoma on the upper pole was found. Sub- 
sequently, the patient underwent sternal ir- 
radiation followed by radical anterior chest wall 
resection with Marlex mesh reconstruction. 

The patient’s clinical course was complicated 
by chronic osteochondritis requiring more 
chest wall resection. He successfully recovered 
from these complications and did well for ap- 
proximately 342 years. Then he was readmitted 
with severe back pain. On further evaluation, 
severe hypercalcemia and obvious extensive 
bone metastasis involving the lumbar verte- 
brae were noted. Symptomatic and supportive 
therapy was administered. The patient died on 
April 25, 1974, approximately 442 years from 
the time of diagnosis. No postmortem examina- 
tion was performed. 

PATIENT 3. A 65-year-old man was admitted 
to the hospital on August 6, 1967, for evaluation 
of a sternal mass. The mass was noted to have 
appeared and increased in size within the pre- 
vious five months. Primary chondrosarcoma of 
the sternum was the working diagnosis made 
by the admitting physician. Detailed roentgeno- 
graphic evaluation of the sternum revealed a 
destructive, expanding lesion on the anterior 
midportion of the manubrium. On closer 
examination, the sternal mass was noted to be 
faintly pulsatile, so that the question of an 
“aneurysm” was raised. However, review of 
the chest and sternal roentgenogram showed à 
sharply outlined aortic shadow and an intact 
posterior sternal table, which made the diag- 
nosis of ascending aortic aneurysm eroding 
through the sternum very unlikely. The re- 
mainder of the physical examination was nor- 
mal, as was the laboratory examination. 

As part of the patient's workup, intravenous 
pyelography was performed and demonstrated 
a mass lesion in the lower pole of the left 
kidney. The diagnosis of metastatic renal cell 
carcinoma was confirmed on biopsy. The 
proposed mode of therapy entailed a left neph- 
rectomy, followed in a few weeks by sternal re- 
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section. The patient refused therapy, signed out 
of the hospital, and has been lost to follow-up. 


Comment 

Sternal tumors are very rare tumors. Martini 
and associates [16] at Memorial Sloan-Kettering 
Cancer Center in New York reviewed their ex- 
perience with primary tumors of the sternum 
and found only 14 instances in a 42-year period. 
Similarly, Teitelbaum [17] collected only 3 cases 
from Barnes Hospital in St. Louis in a 20-year 
period. Groff and Adkins [18] and Pascuzzi and 
colleagues [19] had similar observations. With 
this background, the rare incidence of "pul- 
satile" sternal tumor becomes even more strik- 
ing. Up to 1946, there were only 23 cases re- 
ported in the literature [6, 17]. Since then we 
have collected only 15 additional cases, in- 
cluding 3 from our institution. 

In this review as in previous ones, pulsatile 
sternal tumor almost always represents a meta- 
static lesion. Renal cell carcinoma overwhelm- 
ingly predominates as the primary tumor. A 
primary thyroid origin was seen in only 1 pa- 
tient compared with half of the patients re- 
ported by Crile [6]. This rare occurrence can be 
explained only on the highly aggressive surgi- 
cal approach taken by most physicians in the 
management of thyroid nodules in the last sev- 
eral decades. 

Metastatic thyroid and renal tumors are 
known to be extremely vascular. Histological 
and angiographic studies in some patients have 
demonstrated an abundance of large, dilated 
vascular channels, sometimes in free communi- 
cation with systemic vessels [8, 9, 20]. Sig- 
nificant shunting through these large sinusoi- 
dal channels, which leads to congestive heart 
failure and pulmonary edema, has been re- 
ported [13]. Similar pulsatile metastatic tumors 
of renal or thyroid origin have been reported 
in other sites of the body, such as the orbit, 
hip, and extremities [21, 22]. 

In evaluating patients with pulsatile sternal 
tumor, a thorough search for a possible primary 
renal malignancy remains most rewarding. 
However, the report by Simon [11] of 2 patients 
with pulsatile myelomas involving the ster- 
num, suggests that intravenous pyelography 
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should be cautiously considered as part of the 
diagnostic workup. Acute renal failure is a 
known complication of intravenous pyelog- 
raphy among patients with multiple myeloma 
[11, 23]. Therefore, it is recommended that an 
attempt be made to rule out this neoplasm by 
less invasive procedures such as plasma elec- 
trophoresis, testing of abnormal protein (Bence 
Jones) in the urine, and bone marrow biopsy 
before intravenous pyelography is performed. 
Kenal arteriography for diagnosis of renal 
tumor is highly accurate and is considered by 
some as a reliable substitute for histopathologi- 
cal biopsy 18]. 

The need for a tissue biopsy of this highly 
vascular tumor is controversial. Near-fatal hem- 
orrhages as a complication of this procedure 
have been reported [9]. However, we still be- 
lieve that tissue biopsy highly merits con- 
sideration in the initiation of a rational form of 
therapy for these patients, particularly if the 
noninvasive procedure already mentioned fails. 
As long as the high-risk nature of this proce- 
dure is fully understood, complications can be 
minimized. Biopsy of pulsatile sternal tumors 
should be considered a major surgical under- 
taking to be performed only by capable sur- 
geons in the operating room, with all the neces- 
sary help. In each of our3 patients, open biopsy 
was performed without serious complications, 
although, admittedly, there was substantial 
hemorrhage in each. 

Management of patients with pulsatile ster- 
nal tumor is still undefined. Crile [6] preferred 
the conservative approach, utilizing irradiation 
as the primary form of therapy. Kinsella and as- 
sociates [7], on the other hand, took an even 
more pessimistic view and questioned the 
justification of either surgical resection or ir- 
radiation. With our own very limited experi- 
ence and knowledge of this problem, we be- 
lieve that surgical resection is the only mode of 
therapy that can provide acceptable results, and 
perhaps even cure. Similar criteria required for 
resection of pulmonary metastasis should be 
adopted for this entity. These include the fol- 
lowing: (1) the primary tumor of origin must be 
under control or curable; (2) there must be no 
other known distant metastasis; (3) the patient 
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must be in good physical condition; and (4) 
there must be no other available acceptable 
nonsurgical form of therapy. 

Based on these criteria, sternal tumors of thy- 
roid origin are best managed by nonsurgi- 
cal means, i.e., radioactive iodine therapy. 
However, it is also recommended that total thy- 
roidectomy be performed to enhance radioac- 
tive iodine uptake by metastatic foci [24]. Over- 
all, thyroid carcinoma with osseous metastasis 
implies poor prognosis [25]. In our review, the 
1 patient with thyroid carcinoma with pulsatile 
sternal metastasis was too far advanced for con- 
sideration of any form of therapy [9]. Similarly, 
multiple myeloma, the only nonmetastatic 
(histologically proved) pulsatile sternal tumor 
reported, is more effectively managed by non- 
surgical means. Irradiation and chemotherapy 
with systemic antimetabolites is the treatment 
of choice |11, 23]. 

The role of surgical resection for pulsatile 
sternal tumor is limited to metastatic renal cell 
carcinoma. This neoplasm is slow growing and 
in a significant number of patients is seen with 
solitary distant metastasis [26, 27]. Prognosis 
for those with true solitary metastasis treated 
by surgical resection has been good. Middleton 
26], in his review of patients who had under- 
gone nephrectomy for renal cell carcinoma and 
resection for solitarv metastasis (59 patients), 
reported a 3496 5-year survival rate, which is 
comparable to the survival statistic of patients 
without metastasis. However, the results of 
surgical therapy for metastatic renal cell car- 
cinoma involving the sternum has not been as 
good, as attested by Crile [6] and Kinsella and 
co-workers [7]. Our review has proved the 
same. It is clear that this dismal result is related 
primarily to widespread organ involvement at 
the time of diagnosis. In 1972, Yale and Wear 


[15] reported 2 long-term survivors following. 


resection of metastatic pulsatile sternal tumors 
of renal origin. These are perhaps the first 2 
5-year survivors reported. One of our patients 
(Patient 2) was essentially asymptomatic for 31⁄2 
years following surgical resections of both the 
primary and the metastatic foci. We are fully 
convinced that the prime factor determining the 
ultimate prognosis of patients with metastatic 


renal cell carcinoma is the true solitary nature 
of the metastatic process. With the recent 
technological advances in noninvasive tech- 
niques for metastatic survey, such as the intro- 
duction of computerized axial tomography and 
other radionuclide techniques, selection of 
ideal patients for resection can potentially be 
made. We recommend that a policy of aggres- 
siveness similar to that which most thoracic 
surgeons have accepted for pulmonary meta- 
static lesions be adopted for this entity. We 
fully agree with Yale and Wear 115] that, al- 
though talk of cure for these patients may be 
premature, the hope for a 5-year disease-free 
period that can be accomplished by surgical re- 
section is worth the effort. 


References 
1. Eshner AA: Hypernephroma of the kidney with 
metastasis to the manubrium sterni: simulating 
aneurysm of the aorta. JAMA 50:1787, 1908 
. Lewis T. A note on pulsating manubrial tumors. 
Br Heart ] 2:260, 1940 
3. Horsley JS: Pulsating tumor of the anterior 
mediastinum. Surg Gynecol Obstet 75:49, 1942 
4. Cranley Jl, Herrmann LG, Preuninger RM: Natu- 
ral history of aneurysms of the aorta. AMA Arch 
Surg 69:185, 1954 
. Boyd LI: A study of four thousand reported cases 
of aneurysm of the thoracic aorta. Am ] Med 5ci 
168:654, 1924 
6. Crile G Jr: Pulsating tumors of the sternum. Ann 
Surg 103:199, 1936 
7. Kinsella TJ], White SM, Kouchy RW: Two un- 
usual tumors of the sternum. ] Thorac Surg 
16:640, 1947 
8. Bosniak MA, O'Conner JF, Caplan LH: Renal ar- 
teriography in patients with metastatic renal cell 
carcinoma. JAMA 203:249, 1968 
9. Hudson T, Middleton A: Case presentation— 
pulsating tumors of the sternum. H Med ] 
130:309, 1966 
10. Pygott F, Hutton CF: A pulsating tumor of the 
sternum. Br J Radiol 32:132, 1959 
11. Simon H: Multiple myeloma presenting as pul- 
sating sternal tumours. Br ] Radiol 40:101, 1967 
12. Spitzer S, Mason D, Ehrlich EW, Samuels SK: 
Pulsating sternal tumor with a continuous mur- 
mur. Dis Chest 46:627, 1964 
13. Taboada CF, Garcia E, Pranke DW: Metastatic 
hypernephroma and congestive heart failure. 
South Med ] 65:347, 1972 
14. Tamisea DF, Shields JB. A pulsating anterior 
chest mass. Miss Med:103, 1971 
15. Yale CE, Wear JB Jr: Subtotal sternal resection for 


P 


Gti 


250 The Annals of Thoracic Surgery Vol 31 


metastatic renal cell carcinoma. Arch Surg 105:87, 
1972 

16. Martini N, Huvos AG, Smith I, Beattie EJ: Pri- 
mary malignant tumors of the sternum. Surg 
Gynecol Obstet 138:391, 1974 

17. Teitelbaum SL: Twenty years' experience with 
intrinsic tumors of the bony thorax at a large in- 
stitution. | Thorac Cardiovasc Surg 63:776, 1972 

18. Groff DB, Adkins PC: Chest wall tumors. Ann 
Thorac Surg 4:260, 1967 

19. Pascuzzi CA, Dahlin DC, Clagett OT: Primary 
tumors of the ribs and sternum. Surg Gynecol 
Obstet 104:390, 1957 

20. Caplan HI, Sparkes RS, Lemay JM, Mahoney D: 
Arteriovenous shunt produced by metastatic 
hypernephroma. JAMA 177:788, 1961 


No 3 March 1981 


21. Zucker G, Levine J: Pulsating metastasis of the 
femur from a silent hypernephroma. Ann Intern 
Med 48:897, 1958 

22. Sultar RS, Levine H: Puisating metastasis of bone 
from hypernephroma. Conn Med 27:11, 1963 

23. Carson CP, Ackerman LV, Maltby JD: Plasma cell 
myeloma. Am ] Clin Path 25:849, 1955 

24. Harness JK, Thompson NW, Sisson JC, Beier- 
walter WH: Differentiated thyroid carcinomas. 
Arch Surg 108:410, 1974 

25. McCormack KR: Bone metastasis from thyroid 
carcinoma. Cancer 19:181, 1966 

26. Middleton RG: Surgery for metastatic renal cell 
carcinoma. ] Urol 97:973, 1967 

27. Hale NG, Burkland CE: Unrecognized renal 
tumors. ] Urol 49:426, 1943 


Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1982 is Au- 
gust 1, 1981. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1982 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 














Coarctation of the Aorta: Four Unusual Instances 
Richard S. Faro, M.D., Milton Weinberg, M.D., David O. Monson, M.D., 


and Hassan Najafi, M.D. 


ABSTRACT Four unusual instances of coarctation 
of the aorta are presented. Three coarctations were 
located proximal to the left subclavian artery, and 
the other was in the normal location with a patent 
ductus arteriosus and an anomalous distal right sub- 
clavian artery. Unusual coarctations can be identi- 
fied on physical examination on the basis of vari- 
ations of blood pressure and pulses in the upper 
extremities. Unilateral rib notching may be noted on 
chest roentgenogram, and an aortogram can de- 
lineate its exact location. Four separate means of sur- 
gical repair are described. 


Coarctation of the aorta was described by Mor- 
gagni [1] in 1760. In 1945, Crafoord and Nylin 
[2] and Gross and Hufnagel [3] separately intro- 
duced resection and primary anastomosis for 
surgical treatment of this condition. Since the 
eighteenth century, numerous articles de- 
scribing the usual and unusual presentations of 
coarctation of the aorta have appeared in the lit- 
erature. Sir Thomas Lewis [4] wrote: “So much 
has been said and written about coarctation of 
the aorta, that new records of cases have little 
value unless they reveal new features of interest 
and importance to the study of coarctation." 
Heeding this advice, we discuss here four pre- 
sentations of coarctations in relation to the bra- 
chiocephalic vessels. 


Patient 1 

A 20-year-old man was found to have a heart 
murmur on routine physical examination. 
Right arm blood pressure was 160/85 mm Hg 
and left arm blood pressure, 110/60 mm Hg. The 
left radial pulse was delayed and weaker than 
the right. Prominent suprascapular pulsations 
and reduced femoral pulses were observed. A 
loud diastolic ejection murmur was heard over 
the aortic area radiating to the base of the neck. 
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A thoracic aortogram revealed a coarctation of 
the transverse arch proximal to the origin of the 
left subclavian artery. At exploration, a coarcta- 
tion of the aorta proximal to the left subclavian 
artery was found (Fig 1). Bleeding was mini- 
mal with most collaterals being in the right 
hemithorax. A left atrial-femoral bypass was 
used because of systolic hypertension and a 
flaccid descending thoracic aorta after cross- 
clamping. The coarctation was resected, and a 
Dacron tube graft was inserted proximal to the 
left subclavian artery (Fig 2). The patient had an 
uneventful postoperative course. 


Patient 2 

A 13-year-old boy was noted to be hypertensive 
and have a heart murmur on routine physical 
examination. Right arm blood pressure was 
170/100 mm Hg while the left arm blood pres- 
sure was 120/88 mm Hg. The right radial pulse 
was more prominent than the left. Blood pres- 
sure and pulses were unobtainable in the lower 
extremities. A loud systolic ejection murmur 
was present over the precordium and radiated 
to the right suprascapular and carotid areas 
with a palpable thrill. 

Rib notching of the right fourth and fifth ribs 
with cardiomegaly was noted on chest roent- 
genogram. An aortogram revealed coarctation 
proximal to the origin of the left subclavian ar- 
tery (Fig 3). An aortoplasty was performed us- 
ing a Dacron patch. The postoperative course 
was uneventful. 


Patient 3 

A 10-year-old girl with Turner’s syndrome and 
a prior history of congestive heart failure at 
birth was admitted because of coarctation of the 
aorta. A systolic murmur at the right second 
intercostal space was noted on physical exam- 
ination. The right arm blood pressure was 
120/80 mm Hg; blood pressure recordings could 
not be obtained in the left arm. Femoral pulses 
were unobtainable bilaterally. Chest roent- 
genograms revealed an enlarged heart, post- 
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Fig 1. Coarctation of the aorta proximal to the left sub- 
clavian artery: intraoperative photo and line interpre- 
tation. (LCC = left common carotid artery; LSA = left 
subclavian artery.) 


stenotic dilatation of the aorta, and rib notching 
of the fifth right rib. Catheterization revealed a 
coarctation proximal to the origin of the left 
subclavian artery. At operation, a coarctation 
was found proximal to the left subclavian ar- 
tery, and resection with primary anastomosis 
was performed. 


Patient 4 
A 7-year-old girl who had undergone repair of 
an atrial septal defect previously, was admitted 
for cardiac catheterization. Examination re- 
vealed a prominent thrill at the suprasternal 
notch and a pansystolic murmur across the pre- 
cordium. The left arm blood pressure was 
120/70 mm Hg and the right arm blood pres- 
sure, 80/40 mm Hg. The lower extremity blood 
pressures were 65/40 mm Hg with markedly 
diminished femoral pulses. 

A coarctation of the thoracic aorta was found 
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opposite a patent ductus arteriosus with an 
anomalous distal right subclavian artery. The 
patent ductus arteriosus was ligated, the coarc- 
tation was resected, and the anomalous distal 
right subclavian artery was reimplanted in the 
descending thoracic aorta. A graft was inter- 
posed between the two ends of the transected 
aorta. The patient had an uneventful post- 
operative course. 


Comment 

Coarctation of the aorta is a common congenital 
anomaly consisting of a narrowing of the aorta 
at the isthmus usually beyond the origin of the 
left subclavian artery and at the level of the 
ligamentum. Coarctation is usually described to 
be the infantile or the adult type [5]. The former 
has varying degrees of hypoplasia of the aorta 
from the ascending aorta to the descending aorta 
and is associated with a large patent ductus 
arteriosus and intracardiac defects of a more 
severe nature. The adult type has localized 
stenosis in the arch and descending aorta. 
Commonly there are a bicuspid aortic valve, pa- 
tent ductus arteriosus, and less severe associ- 
ated cardiac defects. 
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Fig 2. Dacron graft interposition following coarctation 
resection: intraoperative photo and line interpretation. 
(I = innominate artery; LCC = left common carotid 
artery; LSA = left subclavian artery.) 


Fig 3. Coarctation of the aorta proximal to the left sub- 
clavian artery. 
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The literature contains numerous reports 
of aortic coarctations in unusual locations 
throughout the descending thoracic and ab- 
dominal aorta [6]. The etiology of the common 
coarctation of the aorta is unknown. Skoda 
[7] proposed that coarctation is a result of the 
obliterative process of the ductus arteriosus 
continuing into the aorta. Coarctations of the 
aorta in other locations cannot be explained by 
this mechanism, and these lesions have been 
considered to be secondary to an inflammatory 
process [7]. Most patients with coarctations are 
asymptomatic, as were our 4 patients. 

The clinical findings depend on the degree of 
obstruction and the location of collateral circu- 
lation. The common signs of typical coarctation 
of the aorta are heart murmurs, hypertension, 
and decreased or absent femoral pulsations [7]. 
Ostermiller and co-workers [8] reviewed 53 
adult patients with coarctation of the aorta and 
found that hypertension was the most common 
symptom. 

Coarctation of the aorta was suspected on 
routine physical examination in all 4 of our pa- 
tients. Two had associated prior cardiac prob- 
lems: an atrial septal defect in 1 and congestive 
heart failure with Turner's syndrome in 1. A 
systolic murmur with no diastolic component 
was present in all 4 patients. Femoral artery 
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Fig 4. (A) Coarctation of the aorta proximal to the left 
subclavian artery (Patients 1, 2, 3). (B) Normal coarc- 
tation of the aorta, patent ductus arteriosus, and distal 
anomalous right subclavian artery (Patient 4). (RCC — 
right common carotid artery; LCC — left common 
carotid artery; RSA = right subclavian artery; LSA = 
left subclavian artery; PT = pulmonary trunk.) 


pulsations were absent in 2 patients and mark- 
edly reduced in the other 2. Vigorous supra- 
scapular pulsations were present in 1 patient. 
Systolic hypertension was present in all 4 pa- 
tients. In patients in whom the coarctation is 
located proximal to the left subclavian artery 
[4], there was a definite discrepancy between 
the right and left upper extremity blood pres- 
sures, the right being considerably greater than 
the left. The left radial pulses were markedly 
reduced or absent in these patients. Rib notch- 
ing was noted to be restricted to the right 
hemithorax. 

Aortography confirmed the level of the co- 
arctation. The coarctation was demonstrated 
to be proximal to the left subclavian artery in 3 
patients and in the usual position with a distal 
anomalous right subclavian artery in the other 
(Fig 4). 

All of the patients were operated on through 
a left thoracotomy. Left atrial-femoral bypass 
was used in 1 patient and a proximal-distal 
aorta bypass in another. Four different repairs 
were performed in this series of patients: re- 
section and primary anastomosis (Patient 3), re- 





LSA 


section and Dacron graft interposition (Patient 
1), resection of intraaortic web with patch 
angioplasty (Patient 2), and resection of the co- 
arctation, patent ductus arteriosus, and anom- 
alous right subclavian artery with graft inter- 
position and reimplantation of an anomalous 
right subclavian artery (Patient 4). All 4 pa- 
tients had an uneventful postoperative course. 
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Vascular Rings: 


Management and a Proposed Nomenclature 
B. Idbeis, M.D., Leon Levinsky, M.D., V. Srinivasan, M.D., and 5. Subramanian, M.D. 


ABSTRACT Over 18 years, 33 patients with con- 
genital vascular rings underwent surgical treatment. 
All patients had full recovery except 1 who died late. 
At the one-month follow-up, 66.7% had complete 
relief of the presenting symptoms. Important aspects 
of the clinical picture, diagnostic methods, and 
treatment are presented. A coded nomenclature is 
proposed; we believe it to be accurate, inclusive, 
easy to remember, and readily referable to the em- 
bryological origin. 


Vascular ring, a congenital anomaly of the aor- 
tic arch development, is an interesting and sur- 
gically rewarding entity. However, it occurs 
rarely, accounting for only 1% of congenital 


cardiac malformations |1]. 


Coded Nomenclature 

The schematic presentation proposed by Ed- 
wards and Lev [2] is helpful in understanding 
and deriving all the possible forms of aortic 
arch anomalies. In the description of these 
anomalies, attention is focused on three vari- 
ants: the side of the ductus, the side of the de- 
scending aorta, and the site at which the inter- 
ruption of the double aortic arch occurred. We 
propose a new coded nomenclature using the 
letters R, and L to designate right and left, and 
the numbers 1, 2, and 3 to designate the site of 
arch interruption (Fig 1). The following rules 


apply: 


1. The first letter indicates the side of the arch; 
if both arches persist, this condition is de- 
scribed by both letters, the first referring to 
the larger arch. 

2. The second letter describes the side of the 
descending aorta. 
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3. The third letter describes the side of the 
ductus (ligamentum); if both persist, both 
letters are used, the first indicating the pa- 
tent or the larger ductus, in that order. 

4. The number indicates the site of interrup- 
tion of the double aortic arch; when this 
does not occur, it indicates the site at which 
the arch becomes atretic. The number is not 
used when both double arches are patent. 


Examples 

Example 1: L-L-L 2 

This describes a left arch, a left descending 
aorta, and a left ductus (Fig 2). In this code, no 
differentiation is made between the patent 
ductus arteriosus and the ligamentum. The di- 
vision of the right arch occurred between the 
right carotid and subclavian arteries (a retro- 
esophageal aberrant right subclavian artery). 


Example 2: RL-L-L 3 

This describes a double aortic arch in which the 
right arch is larger (Fig 3). There is a left de- 
scending aorta and ductus, and the segment of 
the left arch between the left subclavian artery 
and descending aorta is atretic. 


Example 3: LR-R-R 

This describes a double aortic arch in which the 
left arch is larger (Fig 4). A right descending 
aorta and ductus are present. Both arches are 
patent. 


Materials and Methods 

A retrospective review of the medical records of 
33 patients covering the period 1961 to 1979, 
was undertaken with special emphasis on the 
presenting clinical picture, the method of diag- 
nosis, and analysis of results. Twenty-one pa- 
tients (63.6%) were less than 1 year old, 14 pa- 
tients (42.496) were less than 6 months old, and 
only 5 (15.296) were more than 3 years old. The 
sex distribution was even. Five patients had as- 
sociated cardiac defects: ventricular septal de- 
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Fig 1. Reference diagram for the coded nomenclature: 
AO - aorta; PA — pulmonary artery; RS — right sub- 
clavian artery; RC = right carotid artery; LC = left 
carotid artery; and LS — left subclavian artery. The 
numbers 1, 2, and 3 indicate the site of the arch inter- 
ruption: proximal to the carotid artery (1); between the 
carotid and subclavian artery (2); and distal to the sub- 
clavian artery (3). 


LS 


Fig 2. By coded nomenclature, an L-L-L 2. See text for 
details. (RS — right subclavian artery; RC — right 
carotid artery; LC — left carotid artery; LS — left sub- 
clavian artery.) 


fect (VSD), 2 patients; atrial septal defect (ASD), 
1 patient; VSD and ASD, 1; and transposition of 
the great arteries, 1. Two patients had Down’s 
syndrome. Diaphragmatic hernia and pectus 
excavatum were present in 1 patient each. 

The most common clinical presentation 
(Table 1) was referable to the respiratory system 
(94%). Only 1 patient had pure esophageal 
symptoms. Fourteen of the patients (42.4%) had 
noisy or harsh breathing, making this the most 


£ 





Fig 3. By coded nomenclature, an RL-L-L 3. See text 
for details. (RS = right subclavian artery; RC = right 
carotid artery; LC = left carotid artery; LS = left sub- 
clavian artery.) 


LC LS 
RS 


Fig 4. By coded nomenclature, an LR-R-R. See text for 
details. (RS = right subclavian artery; RC = right 
carotid artery; LC = left carotid artery; LS = left sub- 
clavian artery.) 


common finding. However, in 10 of the pa- 
tients (30.3%) reported by the mothers to have 
“wheezing,” this finding was confirmed by the 
physician in only 1 patient. 

Twenty-nine patients (87.9%) received 
esophagograms, and the diagnosis of vascu- 
lar ring was made in each. However, the specific 
anatomical structure was described correctly in 
only 4 patients (13.8%). Angiography was per- 
formed in 14 patients (42.4%) and gave the spe- 
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Table 1. Clinical Findings 





No. of 
Clinical Findings Patients Percent 
Respiratory findings 
Harsh or noisy 14 42.4 
breathing 
Respiratory distress 11 25.9 
“Wheezing” 
By mother 10 30.3 
By physician 1 3.0 
Respiratory infection 9 EAS 
Stridor and retraction 9 27.3 
Barking cough 4 12. 
Apneic spells 2 6.1 
Dysphagia 5 15.2 
Asymptomatic 1 3.0 


Table 2. Type as Determined at Operation 


No. of 
Type Patients Percent 
Double aortic arch 18 54.5 
RL-L-L 7 21.2 
RL-R-L 3 9.1 
RL-L-L 2 3 9.1 
RL-L-L 3 2 6.1 
RL-R-L 3 1 3.0 
LR-L-L 2 6.1 
Left aberrant subclavian 10 30.3 
R-R-L 2 5 152 
R-L-L 2 15.2 
Right aberrant subclavian 
L-L-L 2 4 12.1 
Aberrant left innominate 
R-L-L 3 1 3.0 


cific diagnosis in all but 1 patient in whom the 
atretic distal left arch was not detected. 


Results 
At operation, the most common form of the 
anomaly was the double aortic arch (Table 2). It 
is apparent from the coded nomenclature that it 
is a heterogenous group. The most common 
type is RL-L-L (double aortic arch with a larger 
right arch and a left descending aorta and a left 
ductus). It was found in 7 patients (21.2%). 
The most common procedure performed was 


division of the left arch and ductus (12 patients 
or 36.4%). The ductus was divided in 31 pa- 
tients (93.9%). In 8 patients (24.2%), division of 
the ductus alone was required. In 15 patients 
(45.4%), the left arch was involved; in 8, the left 
subclavian artery; in 3 (9.1%), the right arch; 
and in 2 (6.1%), the right subclavian artery. 
Eight patients in the series had complica- 
tions. One patient out of 15 (6.7%) experienced 
complications associated with angiography. 
This patient had footdrop secondary to femoral 
artery thrombosis in spite of thrombectomy 
and fasciotomy. Seven patients (21.2%) had 
complications after operation. In 4, they were 
respiratory in nature. In 1 patient each there 
was bleeding of the upper gastrointestinal tract, 
arm swelling, and arm paresis. All patients but 
1 had complete recovery. That patient, a 1- 
month-old baby with unresolving pneumonia 
in spite of antibiotic therapy, died of the 
pneumonia two months after operation. Thirty 
patients (90.9%) were seen at the one-month 
follow-up. Of those, 22 (73.396) had complete 
relief of the presenting symptoms. Eight pa- 
tients (26.6%) had some residual respiratory 
symptoms, but were much improved. 


Comment 

The nomenclature proposed is both simple to use 
and comprehensive. It covers every possible 
anomaly of the aortic arch, emphasizes the em- 
bryological origin, and is easy to remember. It is 
important in this regard to point out the inaccu- 
racy of describing the arch as anterior or pos- 
terior since its position is totally dependent on 
the side of the descending aorta. A left arch will 
be anterior if the aorta descends on the left side 
and posterior if it descends on the right. 

The associated congenital anomalies of the 
heart are variable in the published literature [3]. 
In our experience, VSD was the most common. 
It should be emphasized that repair of these 
anomalies should be done at a separate opera- 
tion after the pulmonary status has been im- 
proved unless the associated anomaly is se- 
verely symptomatic. In that case, a palliative 
procedure is indicated. In only 1 patient, a se- 
verely symptomatic baby with a VSD, did we 
perform a pulmonary artery banding at the time 
of dividing the vascular ring. 
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The respiratory findings dominated the clini- 
cal picture. The case of the “wheezing child" 
requires particular attention [4]. This complaint 
could be verified in only 1 patient out of 10 in 
our series, and does present a diagnostic di- 
lemma. The need for a barium swallow must be 
considered carefully. The application of flow 
volume curves [5, 6] is an important advance in 
differentiating the asthmatic child from the 
. child with upper respiratory tract obstruction. 
In the latter, a barium swallow is indicated. 
In óur experience, angiography revealed very 
few unsuspected heart anomalies, and is not 
risk free. Therefore, we believe angiography is 
indicated only when an associated congenital 
heart disease is suspected clinically. 

The double aortic arch is the most common 
anomaly [3, 7-10]. It is comprised of heteroge- 
nous subgroups, as clearly depicted by the 
coded nomenclature. If all subgroups are com- 
pared separately, R-R-L 2 and R-L-L 2 become 
more common than all subgroups of double 
aortic arch except RL-L-L. 

Although the subclavian artery was divided 
in 30.3% of our patients, we believe it should 
be preserved whenever possible. This consid- 
eration, however, should not compromise the 
surgeon's decision to effect the most complete 
relief of the constricting ring, particularly in the 
child with preexisting pulmonary derange- 
ment. It is in such a setting, we suspect, that 
our only late death occurred. It is much safer to 
repair a very rare subclavian steal at a later date. 
We agree with others [11] that reestablishing 
flow is desirable if it can be done expeditiously. 
In the only patient with R-L-L 3 (aberrant left 
innominate artery), division of the ductus and 
suspension of the innominate artery to the ster- 
num as described by Gross [7] resulted in com- 
plete relief of the symptoms. 


From our experience and that of others [9, 10, 
12], we believe that routine division of the 
ductus (or ligamentum) and the complete free- 
ing of the esophagus and trachea in the region 
of the ring are important details for the success 
of the operation. Also, the routine use of left 
anterolateral thoracotomy is satisfactory in all 
patients. 
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False Aneury 


sm and Pseudo-False Aneurysm 


of the Left Ventricle: Etiology, Pathology, 
Diagnosis, and Operative Management 


S. Stewart, M.D., R. Huddle, M.D., I. Stuard, M.D., 
B. F. Schreiner, M.D., and J. A. DeWeese, M.D. 


ABSTRACT Four patients are presented in whom 
either a false aneurysm or a "^pseudo-false" aneu- 
rysm of the left ventricle developed following a 
myocardial infarction. False aneurysms of the left 
ventricle are unusual and are distinctly different 
from the more common true aneuryms. A false aneu- 
rysm is the result of a contained hematoma dissect- 
ing into a transmural infarct. It communicates with 
the left ventricle through a small orifice. Previous 
descriptions of false aneurysms have stressed that 
their wall consists of pericardium and mural throm- 
bus and lack identifiable epicardial or myocardial 
elements. Two pseudo-false aneurysms are de- 
scribed. They communicated with the left ventricle 
through a small orifice but their wall contained myo- 
cardial tissue. False aneurysms have a tendency to 
rupture and therefore their presence alone is an indi- 
cation for operation. One of the pseudo-false aneu- 
rysms discussed ruptured into the right ventricle. 
The operation for false aneurysm may be simpler 
than that for true aneurysm since it might be possi- 
ble to close the small communication into the left 
ventricle without resecting the entire aneurysm wall. 


The incidence of true aneurysm of the heart 
following myocardial infarction is approxi- 
mately 10% [1]. The incidence of false aneu- 
rysm is not known but it appears to be quite 
rare. Four patients in whom a false aneurysm of 
the left ventricle developed after a myocardial 
infarction were treated at the University of 
Rochester Medical Center. This report describes 
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the clinical presentation, diagnostic evaluation, 
operative management, and pathological find- 
ings. 


Case Reports 

Patient 1 

A 50-year-old woman experienced burning 
substernal chest pain radiating into the neck 18 
months prior to operation. A chest roentgeno- 
gram showed mild cardiomegaly, and an elec- 
trocardiogram showed T wave inversion and a 
small Q wave in leads II, HI, and aVr. On physi- 
cal examination there was a prominent pulsa- 
tion in the epigastrium. During the next 12 
months, the patient became progressively more 
disabled with dyspnea on exertion, paroxysmal 
nocturnal dyspnea, and easy fatigability. 

Cardiac catheterization demonstrated nor- 
mal intracardiac pressures and a slightly re- 
duced cardiac index. The right coronary artery 
was totally obstructed while the left coronary 
system was normal. There was an inferiorly 
positioned false aneurysm, which expanded 
during systole (Fig 1A) and emptied during 
diastole (Fig 1B). The aneurysm communicated 
with the ventricular cavity through a relatively 
small orifice. 

At operation a large posterior aneurysm was 
found to be densely adherent to the diaphragm, 
the inferior vena cava, and the posterolateral 
pericardium (Fig 2). Cardiopulmonary bypass 
was instituted, the aorta was cross-clamped, 
and cold cardioplegia was established. The an- 
eurysm, which was opened directly without 
dissecting it from the surrounding structures, 
contained a large amount of old thrombus and 
communicated with the left ventricular cavity 
through a small, 2 cm by 4 cm orifice in the 
posterobasal wall of the left ventricle. The edge 
of the orifice was densely fibrotic and was 
closed primarily with heavy Tevdek suture (Fig 
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Fig 1. (Patient 1.) The catheter is positioned in the cav- 
ity of the false aneurysm. (A) The aneurysm expands in 
systole and (B) empties during diastole. 


3). The patient's postoperative course was 
satisfactory. 


Patient 2 
A 64-year-old man sustained a diaphragmatic 
myocardial infarction five years prior to opera- 
tion. During the next several years electrocar- 
diograms and chest roentgenograms suggested 
the presence of a left ventricular aneurysm but 
he was asymptomatic. Five years after the in- 
farction, he experienced multiple episodes of 
confusion and amnesia thought to represent 
periods of transient global cerebral ischemia 
from systemic emboli. On physical examina- 
tion, the patient had both a third heart sound 
and a fourth heart sound. The left ventricle was 
enlarged to palpation. At cardiac catheter- 
ization, the left ventricular end-diastolic pres- 
sure was 25 mm Hg. There was total occlusion 
of the right coronary artery and narrowing 
of the proximal left anterior descending coro- 
nary artery. The left ventricular cineangiogram 
showed a large, clot-filled aneurysm. 

A large, posterior left ventricular aneurysm 
containing old thrombotic debris was identi- 
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Fig 2. (Patient 1.) The aneurysm was located on the 
posterior aspect of the left ventricle, and was adherent 
to the surrounding structures including the diaphragm, 
pericardium, and inferior vena cava. 
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Fig 3. (Patient 1.) A small opening into the cavity of the 
left ventricle was identified and closed. The aneurysm 
sac was not resected. 


fied at operation. There were adhesions be- 
tween the aneurysm and the diaphragm. There 
was a 3 cm defect in the posterior wall of the left 
ventricle, which communicated with the cavity 
of the aneurysm. The defect was closed directly 
over Teflon felt. A saphenous vein graft was 
placed to the left anterior descending coronary 
artery. A hemorrhage developed from the area 
of the junction of the right atrium, inferior vena 
cava, and atrioventricular groove. It could not 
be completely controlled, and the patient died. 
At postmortem examination, the aneurysm and 
its small communication with the left ventricle 
were again visualized (Fig 4). The wall of the 
false aneurysm was formed by an outer layer of 
pericardium and an inner layer of organizing 
mural thrombus (Fig 5). There were no myo- 
cardial cellular elements or coronary remnants 
present. 





Fig 4. (Patient 2.) An external view of the posterior left 
ventricle postmortem. The wall of the unroofed false 
aneurysm was composed of pericardium and organized 
mural thrombus. Here it is retracted by clamps to ex- 
pose the small central orifice leading into the left 
ventricle from which the Teflon felt and sutures have 
been removed. 


Patient 3 

A 37-year-old man sustained both an anterior 
and a diaphragmatic myocardial infarction in 
the year preceding operation. He had severely 
limiting angina and mild dyspnea on exertion 
following the second infarction. Physical ex- 
amination was normal. The electrocardiogram 
was diagnostic of both an old anterior and a 
diaphragmatic infarction. At cardiac catheter- 
ization, the intracardiac pressures were normal. 
Coronary angiography demonstrated substan- 
tial proximal disease in all three major vessels. 
The left ventricular cineangiogram showed an 
apical aneurysm containing a filling defect. 

At operation, the aneurysm was located at the 
apex of the left ventricle and contained a large 
amount of clot and necrotic debris. It communi- 
cated with the cavity of the left ventricle 
through a 3 mm orifice. There were some fine, 
thin adhesions between the aneurysm and the 
pericardium. The aneurysm was excised, and 
saphenous veins were grafted to the posterior 
descending branch of the right coronary artery 
and to the left anterior descending coronary ar- 
tery. The postoperative course was uneventful. 
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Fig 5. (Patient 2.) (A) A low-power microscopic view 
of the wall of the false aneurysm. It is composed of an 
outer layer of pericardial connective tissue and an inner 
layer of organized mural thrombus. There is neither an 
endothelial lining nor are there elements of myocardial 
muscle or coronary vessels. (B) A higher magnification 
of the same section demonstrating the absence of an en- 
dothelial lining and confirming the absence of any myo- 
cardial elements. (Both, H&E; A: X22 before 25% 
reduction; B: X84 before 35% reduction.) 


Microscopic examination of the aneurysm wall 
showed myocardial tissue mixed with infarct 
and scar. 


Patient 4 

A 60-year-old man sustained a diaphragmatic 
infarction complicated by systemic hyperten- 
sion and sporadic ventricular tachycardia. Four 
days after the infarction, a holosystolic murmur 
was heard for the first time. An M mode 
echocardiogram suggested a ventricular septal 
defect. A Swan-Ganz catheter was inserted. 
There was an oxygen step-up in the right ven- 
tricle and a pulmonary to systemic flow ratio 


of 3 to 1. Congestive heart failure developed. 
Blood urea nitrogen and pulmonary artery di- 
astolic pressure rose. The patient was treated 
with diuretics and large doses of nitroprusside 
and experienced progressive hemodynamic 
improvement. Four weeks after the myocardial 
infarction, coronary angiography demonstrated 
severe three-vessel disease. A left ventricular 
cineangiogram was not performed. 

At operation five weeks after the infarction, 
the pericardial space was entirely free from 
adhesions. An aneurysm was found on the dia- 
phragmatic surface of the left ventricle. The an- 
eurysm was opened, and a small 3 cm orifice at 
its base leading into the true left ventricular 
cavity was identified. In addition, a second 
opening from the aneurysm cavity across the 
ventricular septum into the right ventricle was 
present. The aneurysm apparently had devel- 
oped as an expanding hematoma within the 
left ventricular wall near the septum and had 
ruptured through the septum into the right 
ventricle. The septal defect was closed with a 
patch. The opening from the aneurysm into the 
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Fig 6. (Patient 4.) A low-power microscopic view of the 
wall of the pseudo-false aneurysm. The outer layer is 
epicardium and below that are myocardial muscle ele- 
ments and coronary vessels interspersed with diffuse 
areas of fibrosis. (H&E; X25 before 25% reduction.) 


left ventricle was obliterated with large sutures 
taken from the right side of the septum below 
that opening and out the left ventricle adjacent 
to the aneurysm border. A sequential saphe- 
nous vein bypass graft was placed to the left 
anterior descending coronary artery and to 
its diagonal branch. Atrial and ventricular ar- 
rhythmias were satisfactorily controlled in the 
early postoperative period, and the patient was 
discharged twenty-four days after operation. 
Microscopic section of the partially resected 
aneurysm wall showed diffuse fibrosis in- 
terspersed with myocardial muscle elements 
and coronary vessels (Fig 6). 


Comment 

Both true and false aneurysms of the heart are 
sequelae of myocardial infarction but their 
etiology, effect on ventricular performance, 
diagnostic findings, potential complications, 
pathological findings, and operative manage- 
ment can be strikingly different. A true 
ventricular aneurysm results from the gradual 
thinning of a segment of ventricular wall fol- 
lowing a transmural infarction. The wall often 


becomes adherent to the overlying pericar- 
dium. The thinned area can expand gradually 
so that its surface area far exceeds the original 
surface area of the infarct. The end result is a 
noncontractile, and perhaps expansile, segment 
which forms part of the true circumferential 
wall limits of the left ventricle. In general, the 
orifice into a true aneurysm is the largest diam- 
eter of the aneurysm. The wall of a true aneu- 
rysm is composed of pericardium adherent to 
underlying epicardium. Beneath this is the re- 
sidual fibrous scar tissue of the infarcted myo- 
cardial muscle. There may also be remnants of 
myocardial muscle cells or coronary vessels. An 
inner layer of endothelium completes the wall 
of the aneurysm. There often is fresh or old or- 
ganized thrombus within the aneurysm cavity 
[2, 3]. 

In contrast, a false aneurysm occurs following 
hemorrhagic dissection into an area of trans- 
mural infarction [4, 5]. Most commonly, such à 
process ends in free intrapericardial rupture of 
the heart, cardiac tamponade, and death [6]. 
However, if the overlying pericardium has be- 
come adherent to the epicardium along the 
surface of the infarction, it could contain a 
hematoma that has dissected through the 
myocardium. The left ventricular pressure is 
then transmitted through the tract of the he- 
matoma to the fused epicardium and pericar- 
dium. This area then can stretch and form a 
false aneurysm, communicating with the true 
cavity of the left ventricle through the relatively 
small orifice created by the initial dissection 
which itself does not enlarge as the aneurysm 
enlarges [6] (Fig 7). 

Occasionally the hematoma does not dissect 
completely through to the epicardium but is 
contained within the area of the infarct. This 
segment of the infarcted wall can then expand 
under the transmitted left ventricular pressure 
and form a pseudo-false aneurysm as suggested 
in Patients 3 and 4 (see Fig 7). In each of these 
patients, a large aneurysm of the left ventricle 
communicated with that chamber through a 
small opening but in Patient 3 there were only a 
few fine adhesions between the epicardium 
and pericardium while in Patient 4 there were 
none. The absence of a dense fusion between 
these structures suggests that the dissecting 
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Fig 7. The mechanism of formation of false and 
pseudo-false aneurysms of the left ventricle following 
myocardial infarclion. Both occur as a result of a 
hematoma dissecting into the area of infarction. The 
false aneurysm is contained by densely fused pericar- 
dium and epicardium while the pseudo-false aneurysm 
is contained by elements of the ventricular wall. 


hematoma was contained by the ventricular 
wall itself and not by an overlying fused layer of 
pericardium. 

The wall of most false aneurysms has an outer 
layer of fused pericardium and epicardium and 
beneath that is a layer of dense fibrous, col- 
lagenous tissue without evidence of any muscle 
elements except in the rare instance of a 
pseudo-false aneurysm [5]. This layer is the 
product of organized thrombus material. False 
aneurysms often contain old thrombotic debris 
not unlike the material found in abdominal 
aortic aneurysms. 

The most striking difference between the two 
types of aneurysms on gross examination is 
their relationship to the cavity of the left 
ventricle. The true aneurysm forms part of the 
perimeter of the left ventricular cavity and 
communicates with it through an orifice whose 
diameter is usually equivalent to the diameter 
of the aneurysm itself. The false aneurysm does 
not form part of the perimeter of the left 


ventricular cavity and communicates with it 
through a relatively small orifice. 

Although the diagnosis of left ventricular an- 
eurysm can be suspected clinically, it can be 
confirmed only by left ventricular cineangiog- 
raphy. A true aneurysm appears as a relatively 
smooth extension of the outline of the left 
ventricle and can be akinetic or dyskinetic. A 
false aneurysm often appears as a separate cav- 
ity which fills from the left ventricle through a 
small orifice during systole and empties back 
into the left ventricle during diastole (see Fig 
1B). It has a “dumbbell” appearance with a nar- 
row neck between the two cavities. 

Both types of aneurysms can affect ventric- 
ular performance adversely but do so through 
different mechanisms. When the size of a 
true aneurysm exceeds 20 to 2596 of the sur- 
face area of the ventricle, the myocardium is 
placed at a mechanical disadvantage which can 
be overcome only by dilatation of the ventric- 
ular cavity [7]. This results in an increase in sys- 
tolic wall tension and increased myocardial 
oxygen consumption. The false aneurysm does 
not interfere with muscle function directly but 
acts to unload the ventricle during systole in 
a manner similar to mitral valve incompetence. 
This can reduce cardiac output and, indirectly, 
result in left ventricular dilatation. 

The major indications for the resection of a 
true aneurysm have been congestive heart fail- 
ure and systemic emboli. Rupture of a chronic 
true aneurysm is extremely rare and has not 
been considered an indication for prophylactic 
resection. Although false aneurysms can result 
in similar symptoms, their propensity for pro- 
ducing systemic emboli may be less since they 
communicate with the left ventricle through a 
relatively small opening. They seem to have a 
much greater proclivity toward rupture and op- 
eration is indicated for that reason alone, even 
in the absence of symptoms [6, 8]. 

The operative management of false aneu- 
rysms of the left ventricle is often simpler than 
that of true aneurysms. Since the aneurysm is 
not functionally part of the body of the left 
ventricle, it does not need to be excised. After 
cardiopulmonary bypass is established and the 
aorta is cross-clamped, the aneurysm needs 
only to be opened, the thrombotic debris re- 
moved, and the communication with the cavity 











265 Stewart et al: False and Pseudo-False Aneurysm of Left Ventricle 


of the left ventricle closed directly. There is 
no need to dissect the aneurysm from the 
surrounding tissue or excise it from the ven- 
tricle. 

The clinical presentation, diagnostic evalua- 
tion, operative management, and pathological 
findings of false aneurysm or pseudo-false 
aneurysm of the left ventricle in 4 patients are 
described. False aneurysms differ from true an- 
eurysms in their gross and, frequently, mi- 
croscopic pathology and in their operative 
management. The indications for operative 
intervention are the same as those for true an- 
eurysm. However, since they have a tendency 
toward rupture which is not shared by true an- 
eurysms, prophylactic repair is a further indi- 
cation for operation even in the asymptomatic 
patient. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery will 
give a voluntary recertification examination in 
the fall of 1981. Diplomates interested in par- 
ticipating in this examination should maintain 
a documented list of their cardiothoracic opera- 
tions performed two years prior to application 
for recertification. They should also keep a 
record of their attendance at thoracic surgical 
meetings and other continuing medical educa- 
tion activities for the two years prior to appli- 
cation for recertification. 


A recertification brochure has been prepared 
outlining the rules and requirements. It also 
contains information about applying for the 
voluntary recertification examination. The bro- 
chure has been mailed to all Diplomates except 
those certified in 1979 and 1980. If you have not 
received yours and wish a brochure, please 
write the American Board of Thoracic Surgery, 
14640 E Seven Mile Road, Detroit, MI 48205. 


Open Mitral Commissurotomy 


J. L. Vega, M.D., M. Fleitas, M.D., R. Martinez, M.D., J. I. Gallo, M.D., Ph.D., 
J. A. Gutierrez, M.D., T. Colman, M.D., and C. M. G. Duran, M.D., Ph.D. 


ABSTRACT 
163 consecutive patients with “pure” mitral stenosis 


We analyzed the results obtained in 


who underwent operation by the open approach ex- 
clusively. Calcification was found in the mitral valve 
leaflets in 11% of the patients and left atrial throm- 
bus, in 13.2%. A statistically significant relationship 
was discovered between history of previous systemic 
embolism and cardiac rhythm (p « 0.005). The sub- 
valvular apparatus was affected in 66.6% of patients; 
most of them were in New York Heart Association 
Functional Class III (p « 0.005). 

The frequency with which annuloplasty had to be 
performed because of mitral insufficiency after 
commissurotomy was statistically higher (p « 0.025) 
among patients in Functional Class III. Early mor- 
tality was 1.2% and late mortality, 0.2% per pa- 
tient-year. Two patients required late reoperation 
(0.4% per patient-year). One was in Functional Class 
IH and the other, Functional Class IV before the first 
operation. Three patients sustained a late systemic 
embolism (0.6% per patient-year). All survivors but 
1 are in Functional Class I (84.4%) or II (14.9%). 


There is still disagreement over the best ap- 
proach to mitral commissurotomy. Some sur- 
geons, by careful selection of patients, continue 
to obtain satisfactory results with closed mitral 
commissurotomy and advocate its systematic 
adoption [1-3]. Others, however, think that 
closed mitral commissurotomy should be aban- 
doned completely in favor of the open tech- 
nique. Some [4] advise that this be done as 
soon as mitral stenosis is diagnosed, even in 
asymptomatic patients, in order to avoid the 
progressive deterioration which the develop- 
ment of the disease produces in the valve, for 
example, fibrosis, fusion of chordae, and 


From the Cirugia Cardiovascular and the Servicio de 
Hemodinámica, Centro Médico Valdecilla, Santander, 
Spain. 

Accepted for publication June 11, 1980. 


Address reprint requests to Dr. Vega, Servicio de Cirugia 
Cardiovascular, Centro Médico Nacional "Marqués de Val- 
decilla," Santander, Spain. 


calcification. This approach is similar to that 
adopted in asymptomatic patients with atrial 
septal defect with elevated pulmonary flow. 

Our group concurs with those proposing the 
open technique. The purpose of this study is to 
assess our results with open mitral commis- 
surotomy and see if there is any relationship 
between the New York Heart Association 
(NYHA) Functional Class of the patient at oper- 
ation and valvular deterioration, that necessi- 
tates the use of techniques more aggressive 
than simple mitral commissurotomy. These in- 
clude separation of fused chordae, longitudinal 
splitting of the papillary muscles, annuloplasty, 
and valve replacement, and imply a different 
prognosis. 


Material and Methods 
The study covers the period between May, 
1974, and December, 1978. We included only 
those patients diagnosed to have "pure" mitral 
stenosis and who therefore could undergo op- 
eration by the closed technique. This was true 
for all but 9 patients in whom left atrial throm- 
bus was discovered angiographically. We ex- 
cluded all patients with some other kind of 
valvular lesion, whether at the mitral (mitral 
insufficiency), aortic, or tricuspid level. 
One hundred sixty-three patients 
selected for open mitral commissurotomy, and 
159 underwent the operation. They included 
125 female (78.696) and 34 male (21.496) patients 
ranging in age from 13 to 65 years (average, 41.5 
years). The following operative procedures 
were performed: mitral commissurotomy, 51 
patients; mitral commissurotomy and splitting 
of papillary muscles, 65; mitral commissur- 
otomy and annuloplasty, 10; and mitral com- 
missurotomy, splitting of papillary muscles, 
and annuloplasty, 37. In 4 patients out of this 
last group (2.496), all of whom were in NYHA 
Functional Class HI, mitral commissurotomy 
was tried but mitral valve replacement was 
done. 


were 
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Table 1. Preoperative Catheterization Data and Functional Class? 


Data Class H 


MG 18.15 + 5.49 (0.92) 
CI 3.31 + 1.04 (0.16) 

PAP 44.45 + 13.75 (1.81) 
PVR 472.91 + 197.2 (26.35) 


Class IH p Value 
17.02 + 4.97 (0.70) NS 

2.76 + 0.74 (0.10) «0.005 
46.99 + 18.49 (1.96) NS 

624.62 + 361.28 (39.42) «0.005 


Results shown as mean + standard deviation. Numbers in parentheses indicate standard error of the mean. 


MG = mitral gradient; CI = cardiac index; PAP = pulmonary artery pressure; PVR = pulmonary vascular resistance. 


At this review, the total duration of the study 
involved 488 patient-years, a maximum fol- 
low-up of 5.5 years, a minimum follow-up of 
1 year, and an average follow-up of 3 years. 
Forty-four patients (27.8%) had previously 
sustained an embolism. Of these 44, 6 had ex- 
perienced more than one embolism. Calcium 
was discovered angiographically in the mitral 
valve in 1 patient in NYHA Functional Class Il. 
As has been mentioned already, left atrial 
thrombosis was found in 9 patients, 7 of whom 
had previously displayed systemic embolism. 
Nine patients (5.7%) had undergone closed 
mitral commissurotomy previously in a differ- 
ent hospital. 

The patients were classified according to the 
NYHA criteria as follows: 3 (1.996), Functional 
Class I; 62 (39%), Functional Class H; 91 
(57.2%), Functional Class Ill; and 3 (1.9%), 
Functional Class IV. Atrial fibrillation was pres- 
ent preoperatively in 64 patients (40%): 64% 
(41 patients) were in Functional Class III, 31% 


== (20) in Functional Class II, and 5% (3) in Func- 


tional Class I. 

Preoperative catheterization was carried out 
on all the patients except 2 who required 
emergency operation for a continuing systemic 
embolism. Systolic pulmonary pressure ranged 
from 25 to 150 mm Hg (mean, 45.7). The mitral 
gradient ranged between 8 and 32 mm Hg 
(mean, 17.2). The cardiac index, determined by 
the Fick principle, ranged from 1.5 to 6.7 L/ 
min/m^* (mean, 2.8). Total pulmonary resistance 
ranged from 168 to 2,853 dynes sec cm ^? (mean, 
563). The differences in these values in relation- 
ship to the Functional Class of the patients is 
shown in Table 1. 

All the patients were operated on by means of 
a vertical sternotomy with conventional ex- 


tracorporeal circulation using a bubble oxy- 
genator, hypothermia at 30°C, continuous aor- 
tic clamping, perfusion of the pericardial sac 
with saline solution at 4°C and, since 1977, 
coronary perfusion with a cold cardioplegia 
solution containing potassium. In every pa- 
tient, valvular competence was tested following 
the commissurotomy by injecting blood from the 
extracorporeal pump through a left-vent cannula 
inserted through the tip of the left ventricle [5]. 


Results 

Calcification in the mitral valve was encoun- 
tered in 18 patients (11.3%) and left atrial 
thrombus in 21 patients (13.2%). We found a 
statistically significant relationship (p « 0.005) 
between presence of left atrial thrombus and 
history of previous systemic embolism: 27.3% 
of the patients with such a history had left 
atrial thrombi, whereas only 7.896 of patients 
without a history of embolism had intraatrial 
thrombus. Similarly, there is a relationship 
between cardiac rhythm and presence of left 
atrial thrombus: all the patients with such a 
thrombus had atrial fibrillation. Also statisti- 
cally significant is the relationship between 
cardiac rhythm and history of embolism: 40.696 
of the patients with atrial fibrillation sustained 
an embolism, and 1996 of the patients with 
sinus rhythm had had an embolism (p « 0.005). 
There was 1 patient with a perioperative em- 
bolism. 

In 102 patients (64.290), it was necessary, 
apart from the actual mitral commissurotomy, to 
separate the chordae tendineae and to section 
longitudinally one or both papillary muscles. 
Thirty-one patients were in Functional Class H 
(50% of all the patients in this Functional Class) 
and 67 were in Functional Class III (73.696 of the 
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Table 2. Mitral Commissurotomy and 
NYHA Functional Class 


Class II Class III 
Variables (N = 62) (N = 91) p Value 
Splitting of 31 (50%) 67 (73.6%) | «0.005 
papillary 
muscles 
Annuloplasty 12 (19.4%) 33 (36.2%) «0.025 
Atrial fibrilla- 20 (32.2%) 41 (45.0%) NS 
tion 
Mitral valve re- 0 4 (4.4%) NS 
placement 
Early mortality 0 2 (2.2%) NS 
Late mortality 0 1(1.1%) | NS 
Reoperation 0 1(1.1%) NS 


NYHA = New York Heart Association; NS = not statisti- 
cally significant. 


patients in this Functional Class). These data 
are statistically significant (p < 0.005) (Table 2). 
Incision of the papillary muscles was required 
in the 3 patients in Functional Class IV and in 1 
of the 3 patients in Functional Class I. 

After mitral commissurotomy was done and 
after valvular competence was tested as de- 
scribed, it was considered necessary to carry 
out an annuloplasty to correct mitral insuffi- 
ciency in 47 patients (29.6%). In 2, a Wooler an- 
nuloplasty was performed; in 8, annuloplasty 
with a Carpentier ring; and in 37, annuloplasty 
with a flexible ring. There is a statistically sig- 
nificant relationship between Functional Class 
and need for annuloplasty (p < 0.025): only 
19% of the patients in Functional Class II 
required an annuloplasty whereas 36% of those 
in Functional Class III did (see Table 2). There is 
no statistically significant relationship between 
frequency of annuloplasty and presence of cal- 
cium in the valve, although the proportion of 
calcified valves requiring annuloplasty (38.896) 
was higher than that of noncalcified valves 
(28.3%). 

There were 2 hospital deaths (1.2%). One of 
these was due to cardiac and respiratory failure 
twenty days after operation in a 60-year-old 
patient with severe chronic pulmonary conges- 
tion. The other was due to preoperative cerebral 
embolism in a patient with massive left atrial 
thrombosis. Both patients were in NYHA 
Functional Class III. 


POSTOP 
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Preoperative and postoperative functional status by 
New York Heart Association Classification. Three pa- 
tients died, and 2 patients required late reoperation. 


There was only 1 late death, for a late mor- 
tality of 0.2% per patient-year. It was the result 
of mesenteric embolus 1 year after operation. 
The patient had been in NYHA Functional 
Class III prior to operation. 

According to the NYHA criteria, all but 1 of 
the surviving patients are in Functional Class I 
(84.4%) or II (14.9%) (Figure). Ninety-six percent 
of the patients improved by one or two Func- 
tional Classes. Only 5 patients (3.2%) have re- 
mained in the same Functional Class, and 1 
(0.6%) has deteriorated. 

Two patients required reoperation (0.4% per 
patient-year). One of these patients (Functional 
Class IV) was reoperated on 3 months after the 
first operation because there was clinical indi- 
cation of mitral stenosis. At reoperation, it was 
found that the patient had a diminutive valvu- 
lar ring and not, in fact, mitral restenosis. It was 
necessary to replace the valve with a Hancock 
No. 23 prosthesis. This is the smallest size of 
prosthetic device ever fitted to an adult patient 
at the mitral level in our Service. The other pa- 
tient was in Functional Class III previously and 
was reoperated on 2.5 years after the initial op- 
eration because of mitral insufficiency. In this 
patient also, the valve was replaced by a Han- 
cock prosthesis. 

There were three late embolisms (0.6% per 
patient-year). One of these was the mesenteric 
embolus causing the late death, and the other 
two occurred at 28 and 24 months after opera- 
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tion. The latter of these patients had undergone 
annuloplasty with a flexible ring. 


Comment 

These results clearly demonstrate that open mi- 
tral commissurotomy can be carried out with a 
low hospital mortality, similar to, or in some 
cases lower than, that obtained with the closed 
approach [1-3, 6]. But if we separate from this 
group of patients (which includes all those 
diagnosed as having "pure" mitral stenosis) 
those 9 in whom massive intraatrial thrombo- 
sis was discovered angiographically and who 
would therefore have had to be operated on by 
the open approach even by surgeons who sys- 
tematically practice the closed approach, the 
mortality is reduced to 0.6%. Similar mortality 
figures have been obtained by other authors |7, 
8]. 

We believe that due to the introduction of 
cardioplegia as a form of myocardial protection, 
mortality has been so drastically reduced in 
mitral commissurotomy that extracorporeal cir- 
culation is no longer the deciding factor when 
comparing the two approaches. To obtain 
satisfactory long-term results when a commis- 
surotomy is done, the crucial factor is good re- 
pair of the subvalvular apparatus. It was af- 
fected in a high proportion of patients (66.6% 
in our series). Other authors also have encoun- 
tered fusion of the subvalvular apparatus—in a 
smaller percentage than in our series but high 
nonetheless, ranging from 30 to 5296 [8—10]. 
The incidence of restenosis, which we believe 
is intimately connected with this factor, is neg- 
ligible [11] when the fused subvalvular ap- 
paratus is adequately repaired. This can be 
achieved only by means of the open technique. 
Authors who practice the closed approach find 
an incidence of reoperation for restenosis 
ranging from 3 to 9% [1, 6, 10, 12]. 

The open technique is the only one that 
allows for a thorough cleaning of intraatrial 
thrombi and valve leaflets affected by calcifica- 
tion. Intraatrial thrombi are present in 13.2% of 
patients and bear a close relation to cardiac 
rhythm and history of systemic embolism [1]. 
Other authors [7] have not observed this re- 
lationship. Valve leaflets affected by calcifica- 
tion occurred in 11% of patients in the present 


study and with even greater frequency in others 
[6-8]. The open technique offers the possibility 
of rectifying any mitral insufficiency that might 
occur after commissurotomy. In our experience, 
the incidence was 29.5%, and in every patient 
the insufficiency was completely repaired by 
annuloplasty. The reported incidence of mitral 
insufficiency after commissurotomy ranges 
from 2.5% [13] to 14.5% [14], sometimes as high 
as 51% [3]. We believe that this depends to a 
large extent on the particular test of valvular 
competence employed. 

The advocates of the closed approach have 
attributed the increased frequency with which 
mitral valve replacement occurs when the open 
approach is used to the technique itself. We 
see in this study that, with the existence of 
atrioventricular rings [15, 16], the incidence of 
mitral valve replacement can be as low as 2.4%. 
This is lower than the incidence experienced by 
authors who practice solely the closed approach 
[1]. 

With other authors |4, 7, 17], we believe that 
mitral commissurotomy, apart from being car- 
ried out by the open approach, should be per- 
formed as early as possible. Therefore, we are 
attempting to demonstrate the difference in re- 
sults based on Functional Class of the patient at 
the time of operation (see Table 2). Sectioning 
of fused papillary muscles or annuloplasty is 
required with greater, statistically significant 
frequency (p « 0.005 and p « 0.025, respec- 
tively) among patients in Functional Class IH 
than Class Il. Although mortality and mitral 
valve replacement do not occur with statistically 
significant frequency, they were found only in 
Class III. 

In conclusion, we think that the results ob- 
tained in this study of 163 patients with "pure" 
mitral stenosis clearly demonstrate the advan- 
tages of the open approach as opposed to the 
closed approach when mitral commissurotomy 
is done. They also suggest the possible benefits 
to be obtained for patients in NYHA Functional 
Class II at the time of operation. Thus, it will be 
appreciated that valvuloplasty to correct mitral 
insufficiency is necessary to a statistically signif- 
icant higher degree in patients in Functional 
Class IH; and that early and late mortality, 
mitral valve replacement during operation, 
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and late reoperation for restenosis or mi- 
tral insufficiency occur only in Class III pa- 
tients, though not to a statistically significant 
degree. 
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CASE REPORTS 


Coronary Artery Injury by a Valved External Conduit 
J. Peter Harris, M.D., Scott Stewart, M.D., Virginia Anderson, M.D., 
Mark L. Mitchell, M.D., and James A. Manning, M.D. 


ABSTRACT A 4-month-old infant underwent re- 
pair of type I truncus arteriosus and died immedi- 
ately after as a consequence of left main coronary 
artery compression by the metallic stent in the Da- 
cron conduit. To avoid injury to the coronary vascu- 
lature, the future location of the porcine valve ring 
should be assessed and relocated if necessary. 


The introduction of valved external conduits in 
1966 substantially improved the long-term out- 
look for many children with complex congen- 
ital heart disease [1]. Aortic homografts were 
utilized initially, but late calcific obstruction 
and difficulties in procurement led many sur- 
geons to favor a Dacron conduit containing a 
glutaraldehyde-stabilized porcine valve* [2, 3]. 
However, obstructive complications due to the 
technique of insertion of the Dacron conduit, 
fibrocalcific changes in the porcine valve, and 
luminal fibrosis have been reported sub- 
sequently [4-6]. Recently we encountered an 
infant who died as a consequence of coronary 
artery compression by the metallic stent in a 
Hancock conduit. 


The 2,500-gm patient was born after an uncom- 
plicated 37-week gestation. Initial examination 
by the pediatric cardiology division when he 
was 11 days old revealed an adequately 
nourished acyanotic infant with no evidence of 
respiratory distress. The chest was clear, but 
the precordium was hyperdynamic. A grade 3/6 
systolic ejection murmur was audible along the 
left sternal border with a single accentuated 
second sound at the left base. The liver was not 
enlarged, and the peripheral pulses were full 
throughout. An electrocardiogram revealed an 
axis of +100 degrees and biventricular hyper- 
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trophy. On fluoroscopy, the cardiothoracic ratio 
was 0.50 with a mild increase in pulmonary 
blood flow. At reevaluation two weeks later, a 
soft apical middiastolic murmur was noted, and 
T wave inversion was present over the left pre- 
cordial leads of the electrocardiogram. An in- 
crease in heart size and in pulmonary vascular- 
ity was seen on fluoroscopy. 

Catheterization and angiography when the 
patient was 2 months old revealed a variant of 
type I truncus arteriosus. There was a short 
main pulmonary artery arising from the pos- 
terior aspect of the common trunk, and the aor- 
tic arch was on the left. Digitalis and diuretics 
were administered at this time for mild conges- 
tive failure, and it was recommended that com- 
plete repair be done when the patient was 4 
months old. 

At operation, the angiographic findings were 
confirmed. Cold cardioplegia was utilized for 
myocardial preservation during periods of aor- 
tic cross-clamping. The short main pulmonary 
artery was excised from the truncus and the in- 
cision closed with a running Prolene suture. 
The ventricular septal defect was closed with a 
Dacron patch, and a 12 mm Hancock conduit 
was inserted between the vertical incision in 
the right ventricle and the main pulmonary ar- 
tery. Following rewarming, poor left ventricular 
contractility and a pale left anterior descending 
coronary artery were noted. Cardiopulmonary 
bypass was reinstituted and the left coronary 
ostium inspected, but no abnormality was found. 
Despite a prolonged period of partial bypass 
and maximal inotropic support, satisfactory left 
ventricular contractility could not be reestab- 
lished, and the infant died in the operating 
room. 

At postmortem examination, the metallic 
stent in the Dacron conduit was found to strad- 
dle the bifurcation of the left coronary artery. A 
contusion of this vessel at the site of compres- 
sion was noted, and the left coronary artery ap- 
peared pale and bloodless (Fig 1). Microscopic 
sections and pH measurements revealed an 
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Fig 1. The metallic stent of the Dacron conduit overrides 
the left main coronary artery. Ventricular pallor and a 
pale, bloodless, and furrowed left coronary artery are 
present. 





Fig 2. An early fibrin thrombus was found in the col- 
lapsed left coronary artery at the site of compression. 
(H&E; X10.) 


acute massive circumferential hemorrhagic in- 
farction of the left ventricle and papillary mus- 
cles. A review of the coronary arterial system 
demonstrated a fibrin clot within the lumen of 
the left coronary artery at the point of external 
compression (Fig 2). 


Comment 
Palliative procedures, particularly banding of 
the pulmonary artery, for complex congenital 





heart defects are not always effective and can 
carry a high morbidity and mortality. The re- 
sults of pulmonary artery banding for truncus 
arteriosus have been particularly discouraging 
[7]. Consequently, a program of definitive re- 
pair in infancy has been advocated by some 
groups [8]. Many of the repairs require the in- 
sertion of a valved external conduit to reestab- 
lish continuity between the venous ventricle 
and the pulmonary artery. Since the mediasti- 
nal volume in the smaller patient is limited, 
various techniques have been developed to 
allow sternal closure without resultant conduit 
distortion. The conduit is usually positioned 
with a curve to the left of the ascending aorta (or 
to the right in patients with transposition com- 
plexes) to avoid compression between the aorta 
and the chest wall. The porcine valve is placed 
close to the distal anastomosis to avoid com- 
pression of the valvular apparatus between the 
heart and the sternum. Furthermore, a vertical 
ventriculotomy is used, and wide proximal and 
distal anastomoses are created to reduce the in- 
cidence of venous ventricle outflow obstruc- 
tion. 

It is also imperative that the major coronary 
arteries be identified and preserved since inci- 
sion or ligation of an artery can result in a myo- 
cardial infarction and subsequent death [9-12]. 
Compression of a coronary artery by the metal- 
lic ring of the Dacron conduit has not been re- 
ported. Our patient experienced a massive and 
lethal infarction as a result of occlusion of the 
bifurcation of the left coronary artery. 

This patient illustrates the importance of 
positioning the external conduit in a manner 
that will avoid injury to or pressure on the 
coronary vessels. Obstruction of the left coro- 
nary artery by the conduit can be prevented by 
an accurate assessment of the future position of 
the porcine valve ring prior to final trimming of 
the proximal and distal conduit. A variation of 
only a few millimeters at one end or the other 
can determine whether or not the conduit ring 
will oppose the coronary artery. 
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Spontaneous Heterograft Aortic Valve Failure 


Todd M. Grehl, M.D., M. B. O'Neil, Jr., M.D., Jerome Naifeh, M.D., 
Amrit Dajee, M.D., Edward J. Hurley, M.D., and Thomas Riemenschneider, M.D. 


ABSTRACT  Glutaraldehyde-treated porcine aortic 
valve prostheses have been in clinical use for ten 
years. The long-term durability of these valves re- 
mains unknown although they have functioned well 
in most large clinical series for more than five years. 
At the present time, several manufacturers produce 
bioprostheses mounted on flexible stents. This re- 
port concerns the failure of an Edwards porcine 
xenograft in the aortic position 15 months following 
implantation. At reoperation, the right and left coro- 
nary leaflets of the explanted valve were torn from 
the aortic wall. The loss of wall integrity suggests 
that during the process of mounting the xenograft on 
the flexible stent, the aortic walls of the biopros- 
thesis may have been thinned beyond a critical point 
of maintenance of wall strength. The pathological 
and clinical findings of similar cases are reviewed. 


The porcine aortic valvular prostheses treated 
with glutaraldeyhde have been commercially 
available and in clinical use for ten years. These 
prostheses have functioned well hemodyna- 
mically for more than five years; however, their 
long-term durability remains unknown. Several 
large clinical series have reported valve dys- 
function without evidence of endocarditis in 
less than 1% of implanted valves [1-4]. Re- 
cently, other manufacturers have produced 
bioprostheses with variations in the method of 
glutaraldehyde preservation as well as stent 
construction and mounting. The purpose of this 
report is to describe the clinical, hemodynamic, 
and pathological findings in a patient with 
dysfunction of a more recently available pros- 
thetic heterograft valve. 


The patient had been followed for a heart mur- 
mur since birth. Cardiac catheterization was 
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performed first when he was 4 years old, at 
which time the diagnosis of aortic stenosis was 
established. He was recatheterized when he 
was 12 years old; an aortic valve gradient of 
30 torr was recorded. The patient remained 
asymptomatic clinically but because of the de- 
velopment of a new aortic diastolic murmur and 
electrocardiographic findings of left ventricular 
hypertrophy with marked S-T segment and T 
wave changes and premature ventricular con- 
tractions not previously present, he underwent 
repeat cardiac catheterization when he was 15 
years old. At that catheterization, there was a 
peak systolic gradient of 43 torr and a mean 
transvalvular gradient of 31 torr, with a calcu- 
lated aortic valve index of 0.55 cm?/m? and 1 to 
2+ valvular aortic insufficiency of a bicuspid 
aortic valve. At operation, the congenitally de- 
formed bicuspid aortic valve was replaced with 
a 25 mm Edwards bioprosthesis. 

The patient did well until 15 months post- 
operatively. At that time, a decrescendo dia- 
stolic murmur of aortic regurgitation was 
noted with a systemic arterial pressure of 142/40 
torr. An echocardiogram performed at that time 
relative to one done immediately following op- 
eration showed an increase in left ventricular 
internal dimension from 36.0 mm to 62.0 mm. 
Follow-up cardiac catheterization 16 months 
after valve replacement revealed a peak systolic 
transvalvular gradient of 61 torr, moderate in- 
sufficiency, and a calculated aortic valve index 
of 0.48 cm?/m?. 

At reoperation, the Edwards bioprosthesis 
was replaced with a 25 mm Hancock modified- 
orifice bioprosthesis. The explanted valve re- 
vealed that the right and left coronary leaflets 
were torn from the commissural attachment to 
the aortic wall (Figure). There was no evidence 
of endocarditis. Microscopic examination re- 
vealed "possible stromal degeneration" with- 
out cellular reaction. Nineteen months after the 
second aortic valve replacement, the patient is 
doing well. 
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Detachment of right and left coronary leaflets from aor- 
tic wall. (A) Aortic view and (B) left ventricular view. 


Comment 
Bioprosthetic heart valves have a well-doc- 
umented low incidence of thromboembolic com- 
plications, but the durability of these valves 
has been open to question. As the glutaralde- 
hyde-preserved porcine aortic valve mounted 
on a flexible stent now approaches ten years 
of clinical experience, it appears to be a du- 
rable prosthesis. Valve dysfunction occurred 
frequently in those bioprostheses treated with 
formalin, irradiation, or mercury salt solutions. 
Pathologically that dysfunction was due to 
fragmentation of the collagen and elastin as well 
as to a cellular inflammatory reaction. These 
changes were found in homograft prostheses as 
well as a heterograft prosthesis so treated. The 
glutaraldehyde preservation technique devel- 
oped by Carpentier and colleagues [5] in 1968 
markedly improved the durability while main- 
taining the pliability of the heterograft valve. 
This process increases the collagen cross- 
linking and decreases collagen biodegradation, 
which allow increased long-term pliability. 
The flexible mounting stent developed in 
1970 has also played a major role in the im- 
proved durability of bioprostheses. Approxi- 
mately 9096 of the closing force of the valve is 
absorbed by the flexible stent [6]. 





Primary tissue valvular dysfunction has been 
reported infrequently. In a review by Zuhdi [1] 
of 20,000 implantations, only 13 dysfunctional 
valves were reported. Other isolated instances 
of dysfunction have been noted [2-4, 7-9]. The 
gross pathological findings appear to be of two 
types: tears or perforations occurring in the 
leaflets at areas of stress, and calcification and 
fibrosis with loss of pliability. Histologically 
there is a loss of integrity of the collagen and 
elastin network, and calcium deposition. There 
does not appear to be any correlation between 
duration of implantation and degree of his- 
tological degeneration [9]. Some authorities 
believe these degenerative changes to be in- 
evitable in all bioprostheses. 

The relatively early dysfunction of the bio- 
prosthesis in this patient as well as in others 
may be related to the technique of mounting 
the valve on the flexible stent. Perhaps the at- 
tempt to maximize the internal orifice area 
thins the aortic walls of the bioprosthesis be- 
yond a critical point for maintenance of wall 
strength for leaflet suspension. Histological ex- 
amination of the bioprosthesis in our patient 
did not confirm calcification or collagen-elastin 
fragmentation reported by other authors [1-4]. 

Clinical evaluation of bioprosthetic func- 
tion can be difficult with noninvasive tech- 
niques [10]. Essentially, all xenografts have a 
flow murmur thought to be due to turbulence 
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around the prosthesis. Certainly a regurgitant 
murmur is strong evidence of dysfunction re- 
quiring immediate evaluation. Echocardiog- 
raphy has had limited success in evaluating 
leaflet function due to the density of the stent 
relative to the leaflets and the echoes generated 
from each [10]. Frequent clinical evaluation and 
prompt investigation when indicated are nec- 
essary with bioprostheses as with mechani- 
cal prostheses. 
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Ebstein's Anomaly: 


Surgical Treatment with Tricuspid 
Replacement Without Right Ventricular Plication 


José M. Caralps, M.D., Alejandro Aris, M.D., José O. Bonnin, M.D., 
Heriberto Solanes, M.D., and Miguel Torner, M.D. 


ABSTRACT Two patients with Ebstein’s anomaly 
and severe cardiac impairment underwent surgical 
repair with tricuspid valve replacement and closure 
of associated congenital septal defects. No attempt 
was made to plicate the atrialized right ventricle. 
Good cardiac function was obtained at the end of the 
procedure, with uniform contractions of the whole 
right ventricle. Both patients are leading normal and 
active lives 38 and 32 months after operation. 

We believe that successful repair is achieved 
chiefly by placing a competent tricuspid valve on its 
true anatomical position, leaving the underlying atri- 
alized portion of the ventricular wall undisturbed. 
That portion will contract and work synchronously 
with the rest of the right ventricle. 


The surgical treatment of Ebstein's anomaly 
remains a matter of controversy as to the 
method of choice in the severe forms of this 
entity. The cooperative study by Watson [1] 
clearly demonstrated these patients to be poor 
surgical risks, especially if associated anomalies 
and advanced cardiac dysfunction are present. 
It is also evident from the study that palliative 
procedures offer little at the expense of a very 
great surgical risk and that valve replacement, 
despite having a high operative mortality, has 
been very effective in a great number of pa- 
tients. 

In this paper, we report our experiences with 
2 patients with Ebstein's anomaly, one of 
whom also had severe cardiac impairment and 
the other, associated atrial and ventricular sep- 
tal defects. They underwent successful valve 
replacement and closure of the defect, without 
plication of the atrialized right ventricle. 
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Patient 1 

A 15-year-old girl was known to have a con- 
genital heart disease since she was 6 months old 
because of increasing cyanosis. When she was 4 
years old, she underwent cardiac catheteriza- 
tion at another institution because of several 
severe cyanotic spells. At that time, hematocrit 
was 7096 and activity was very limited. The 
diagnosis of Ebstein's anomaly with right-to- 
left shunt at the atrial level was made, and a 
Blalock-Taussig shunt was performed. After 
operation, the cyanosis diminished and func- 
tional capacity improved. The patient was first 
seen at our hospital when she was 12 years old. 
She had supraventricular tachycardia. The elec- 
trocardiogram showed a  Wolff-Parkinson- 
White syndrome type B, and there was mod- 
erate cardiomegaly on chest roentgenogram. 
At auscultation, a continuous murmur from 
the subclavian-pulmonary anastomosis was 
present. 

From that time on, the patient was admitted 
to the cardiology ward several times because of 
repeated tachycardias. Six months prior to op- 
eration, she became more cyanotic and the 
continuous murmur was no longer present. 
Activity was minimal. Operation was per- 
formed on October 14, 1976. The pericardial sac 
was entered through a median sternotomy in- 
cision. The right atrium was moderately en- 
larged, and there was a clear, atrialized portion 
of right ventricle. The heart was extremely irri- 
table. Cardiopulmonary bypass was instituted 
and the right atrium opened. A 3 x 6 cm ostium 
secundum defect was closed directly with con- 
tinuous suture. The anterior leaflet of the 
tricuspid valve had a normal insertion, but the 
posterior and septal leaflets were hypoplastic 
and displaced downward. Both portions of the 
ventricle were about the same size and no clear 
anatomical annulus could be appreciated pos- 
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teriorly. The valve was excised and replaced 
with a No. 31 Bjórk-Shiley prosthesis, which 
was sutured to the atrial wall, posteriorly, just 
above the coronary sinus opening. The heart 
defibrillated spontaneously, on sinus rhythm, 
showing good contractions. Cardiopulmonary 
bypass was discontinued, and it was seen that 
both portions of the right ventricle were syn- 
chronously contracting, without paradoxical 
motion. The postoperative course was benign, 
and the patient was discharged on the tenth 
postoperative day. 


Patient 2 

A 16-year-old girl had been followed in the 
Cardiology Clinic at out institution since she 
was 6 months old. At that time, a holosystolic 
murmur was heard on auscultation. A chest 
roentgenogram showed increased vascular 
markings and moderate cardiomegaly. After 
cardiac catheterization, the diagnosis of Eb- 
stein's anomaly with associated ventricular sep- 
tal defect was made. The patient was treated 
with digitalis and diuretics. Several attacks of 
supraventricular tachycardia required hos- 
pitalization of the patient. Her growth was se- 
verely retarded and one year prior to operation 
she was extremely restricted, with hepatomeg- 
aly to the iliac crest. Splenomegaly and ascites 
appeared, despite strong diuretic treatment. 
The episodes of tachycardia were very difficult 
to control, and cardiac dwarfism was extreme: 
the patient was 136 cm tall and weighed 36 kg. 

Despite the advance of the cardiac illness, 
operation was undertaken on April 5, 1977. 
When the pericardium was opened, a huge 
right atrium was seen. The right ventricle, with 
a large, thin-walled proximal part, was also 
very big. Cardiopulmonary bypass was started 
and the right atrium opened. The atrial septum 
was intact. 

The three tricuspid leaflets were hypoplastic 
and markedly displaced downward, with 
rudimentary chordae. The remnants of the 
septal leaflet were partially covering a 2 x 2 cm 
ventricular septal defect, which was closed 
using the same leaflet as a patch and suturing 
the free edge to the muscular septum with in- 
terrupted mattress sutures. The anterior and 


posterior leaflets were excised, and a No. 31 
Bjork-Shiley prosthesis was sutured at the level 
of the true annulus, which was quite apparent. 
The atrium was closed, and the heart defibril- 
lated after the first countershock, on sinus 
rhythm. Bypass was discontinued after good 
cardiac contraction was obtained. As in Patient 
1, it was noted that the large atrialized portion 
of the ventricle left untouched, was contracting 
with the rest of the ventricle. The patient went 
home on the twelfth postoperative day, after an 
uneventful postoperative course. 

Both patients have been seen regularly in the 
Outpatient Department. Since the operation, 
the clinical status of each has improved steadily 
and both are leading a normal and active life. 
No arrhythmias have been present since opera- 
tion. Figures 1 and 2 show the changes in car- 
diac size of both patients eight months after op- 
eration. 


Comment 
Since 1963 when Barnard and Schrire [2] re- 
ported a reparative operation for Ebstein's 
anomaly, two different approaches have been 
used to repair the malformation, with great 
disparity in the operative results. While some 
proposed valve replacement [2-4] as the ideal 
mode of therapy, others suggested plastic 
realignment of the valve and plication of the 
atrialized right ventricular wall [5, 6]. 
Doubtless, the technique of Hardy and co- 
authors [5] will prove suitable in patients with 
mild or moderate valve displacement and nor- 
mal, or nearly normal, leaflets and subvalvular 
system. However, if both posterior and septal 
leaflets are hypoplastic and markedly displaced, 
most reconstruction attempts will leave a small 
ventricular cavity and a regurgitant valve. In 
this situation, as in our patients, a competent 
valve could be obtained only by replacement. 
Should the atrialized portion of the ventricle 
be plicated? Although this wall is much thinner 
than the normal right ventricle, histological 
studies have shown that it is formed by normal 
muscle cells and has ventricular innervation [3]. 
This explains the paradoxical motion exhibited 
on atrial systole with stagnation and back cur- 
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Fig 1. (Patient 1.) Chest roentgenograms made (A) im- 
mediately after operation and (B) eight months post- 
operatively. 





A B 
Fig 2. (Patient 2.) Chest roentgenograms made (A) 
preoperatively and (B) eight months postoperatively. 

Note the dramatic decrease in the cardiac shadow. 
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rent of blood when the ventricle contracts. For 
the same reason, this portion contracts with the 
rest of the ventricle during systole, once a com- 
petent valve is obtained. This has been our ex- 
perience as well as that of others [3, 4]. In our 
patients, we did not observe an altered motion 
in any part of the resulting ventricle after the 
heart resumed action. In fact, good continuous 
performance of the right ventricle has. been 
demonstrated angiographically and hemody- 
namically by Lillehei [3], Senoo [4], and their 
colleagues. 

The associated cardiac defects, if correctable, 
should be taken care of during the operation. 
Also, in the absence of a true anatomical an- 
nulus, suturing the prosthesis to the atrial wall 
above the coronary sinus, as we did in Patient 
1, may help prevent surgically induced heart 
block [2]. 
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Secondary Sternal Closure: 


A Method of Preventing Cardiac Compression 


Deepak M. Gangahar, M.D., Edwin C. McGough, M.D., and David Synhorst, M.D. 


ABSTRACT A patient with severe congenital pul- 
monary stenosis who underwent pulmonary val- 
vulectomy is reported. Acute cardiac compression 
and left ventricular failure developed in the imme- 
diate postoperative period. Because of extreme car- 
diac dilatation, the chest wall could not be closed. A 
technique of secondary sternal closure is described. 


Closure of the median sternotomy incision after 
an intracardiac procedure ultilizing cardiopul- 
monary bypass usually is accomplished easily 
without any major changes in hemodynamics. 
We are reporting the case of a patient in whom 
even the skin edges of the median sternotomy 
incision could not be approximated without 
producing marked hypotension and bradycar- 
dia. The successful surgical management is dis- 
cussed. 


A 3-week-old female infant was a product of 
normal pregnancy and full-term delivery. She 
was cyanotic at birth but was not in any acute 
distress. Physical examination showed a hyper- 
dynamic precordium and a grade 4/6 ejec- 
tion systolic murmur at the left sternal border. 
The patient was transferred to the Primary 
Children's Medical Center in Salt Lake City, 
UT, for evaluation and treatment. Echocardio- 
grams demonstrated prolonged ejection time of 
the pulmonary valve. Cardiac catheterization 
showed a 110 mm gradient across the pulmo- 
nary valve. Surgical relief of the severe pulmo- 
nary stenosis was recommended urgently. 

The child was operated on utilizing car- 
diopulmonary bypass. She was cooled to 25?C, 
the aorta was cross-clamped, and cold potas- 
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sium cardioplegic solution was injected into the 
root of the aorta. Then circulatory arrest was in- 
stituted, and the pulmonary artery was opened. 
The valve was found to be thickened and 
gelatinous. Because of the dysplastic nature of 
the pulmonary valve, it was excised. The pul- 
monary artery annulus admitted a No. 9 Hegar 
dilator easily after the pulmonary valvulectomy. 
Through a right atriotomy incision, the patent 
foramen ovale was closed. The pulmonary ar- 
tery was closed and cardiopulmonary bypass 
reinstituted. Total circulatory arrest time was 
twelve minutes. The usual monitoring lines 
were placed, and the patient was weaned off 
cardiopulmonary bypass without difficulty. 
Blood was transfused for the loss through the 
mediastinal tubes to maintain blood pressure. 
Four hours after the operation the patient be- 
came hypotensive and cyanotic. Clinical dete- 
rioration was thought to be due to either car- 
diac tamponade or acute left ventricular failure. 
The median sternotomy wound was opened, 
and about 20 ml of dark blood was evacuated 
from the pericardial cavity. The patient was re- 
suscitated, and a dopamine drip was started. 
After she was returned to the operating room, a 
small bleeder was found at the pulmonary ar- 
teriotomy site. Intracardiac pressure determi- 
nations at this time showed the left atrial pres- 
sure to be 25 mm Hg. Fifty milliliters of blood 
was withdrawn from the right atrial line. Sys- 
temic blood pressure was 70 to 80 mm Hg. The 
heart remained extremely distended. A nitro- 
prusside drip was begun. Diuresis was insti- 
tuted with 10 mg of Lasix (furosemide), and left 
atrial pressure became stable at 18 mm Hg. 
However, the extreme dilatation of the heart 
prevented any attempt to approximate the me- 
dian sternotomy wound. The skin flaps were 
mobilized but abrupt hypotension and brady- 
cardia would occur when they were approx- 
imated. A woven Dacron patch with a 10 cm 
X 6 cm elliptical shape was sutured circumfer- 
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Secondary sternal closure. 


entially to the skin edges anterior to the pleural 
and mediastinal tubes using 4-0 Prolene con- 
tinuous stitch (Figure). 

After operation, the patient's condition 
stabilized and over the next 48 hours she was 
weaned off the nitroprusside and dopamine. 
On the third postoperative day, the Dacron 
patch was removed. Retrosternal irrigation 
catheters for continuous antibiotic drip were 
placed. The skin and sternal edges were de- 
brided and were approximated without diffi- 
culty. The patient was maintained on intrave- 
nously administered antibiotics for seven days. 
Irrigation catheters were removed after five 
days. She remained afebrile, and the median 
sternotomy wound healed satisfactorily. Fol- 
low-up six weeks after the operation demon- 
strated that the child was gaining weight and 
was free from cyanosis. 


Comments 
Although uncommon, difficulty closing the 
sternum or pericardium resulting in bradycar- 


dia or precipitous drop in blood pressure has 
been reported when there has been excessive 
intraoperative bleeding, multiple coronary ar- 
tery grafts, hearts with poor compliance, or 
hearts that had poor myocardial protection 
during cardiac operation utilizing extracor- 
poreal circulation. This phenomenon occurs be- 
cause of myocardial edema and dilatation of the 
heart, which results in poor contractility. A less 
important factor is the added extra volume that 
the pericardial cavity has to accommodate. 
Usually the heart responds to vasodilator and 
inotropic therapy, and the chest wall can be 
closed primarily. Rarely, it may be necessary to 
use a mechanical cardiac assist device and still 
only be able to approximate the median ster- 
notomy skin edges. Such experience was re- 
ported by Ott and co-workers in 4 patients 
[1]. Three of these patients were adults, and 
1 was a 2-month-old infant with dextrotrans- 
position of the great arteries, pulmonary ste- 
nosis, and a ventricular septal defect. One of 
the patients had difficulty following an in- 
traoperative bleeding diathesis and the re- 
maining 3 experienced left ventricular failure. 
Our patient received blood replacement ther- 
apy that was inappropriate because of a faulty 
left atrial line. Although blood was found in the 
pericardial sac at the time the sternum was 
opened, the major part of the compression was 
probably due to excessive intravascular vol- 
ume. Within 24 to 72 hours, myocardial edema 
and dilatation usually subside and the sternum 
can be approximated without difficulty. To the 
best of our knowledge, this technique of closing 
the chest wall under these circumstances has 
not been reported previously. 
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HOW TO DO IT 


A Safe Technique for Removal 





assive Left Atrial Thrombus 


]. I. Gallo, M.D., B. Ruiz, M.D., and C. M. G. Duran, M.D. 


ABSTRACT Open mitral operation in patients with 
massive left atrial thrombus still carries a high mor- 
tality due to intraoperative embolism. To prevent 
this danger, we have standardized a surgical tech- 
nique that includes careful handling of the heart and 
use of suction, blockage of the mitral orifice, and ex- 
cision of subendocardial thrombus. Our total experi- 
ence with massive left atrial thrombosis comprises 
30 patients. Seven out of 8 patients operated on be- 
fore our present technique was used died in the hos- 
pital of irreversible cerebral damage. The other 22 
patients underwent operation with this technique, 
and the thrombus was removed without mortality or 
morbidity. 


The presence of massive left atrial thrombus 
still clouds with uncertainty the otherwise 
standardized mitral operation. Although open 
techniques have made possible the removal of 
the thrombus, the occasional massive and usu- 
ally friable thrombotic mass constitutes a very 
real hazard of intraoperative embolism. To pre- 
vent or minimize this danger, a number of 
surgical maneuvers have been proposed [1-5]. 
Our experience in the handling of this prob- 
lem prompted us to reconsider our technique 
and introduce some substantial modifications, 
which, to date, have eliminated the hazard of 
intraoperative fragment embolization. 


Method 

The preoperative diagnosis of left atrial throm- 
bosis does not modify our standard technique 
of cardiopulmonary bypass except that the 
heart is handled more carefully to avoid un- 
necessary manipulations. Once total bypass is 
achieved, the ascending aorta is cross-clamped 
and cardioplegia administered. In all patients, a 
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small 2 to 3 cm incision is made with a scalpel in 
the left atrial wall, parallel and very close to the 
atrial septum. After an intracardiac sucker is 
introduced, the atriotomy is widened. When a 
massive thrombus is present, the initial inci- 
sion will reveal it immediately. Careful han- 
dling of the sucker is mandatory to avoid frag- 
mentation of the thrombus. Then the atriotomy 
is enlarged; care must be taken to avoid dis- 
rupting the thrombotic mass. À plane of cleav- 
age is created by holding the anterior lip of the 
atriotomy and making a blunt subendocardial 
dissection, thereby separating the thrombus 
from the septal wall. Sufficient space is made 
for placing a narrow (2.5 cm) atrial retractor. 

Because the atrial incision is close to the right 
pulmonary veins, the atrial lumen usually is 
entered. A 24F Foley catheter is carefully intro- 
duced through the mitral orifice, inflated, and 
pulled out to close the mitral opening as tightly 
as possible (Figure). The intracardiac sucker is 
placed between the thrombus and the atrial 
wall, and gentle wall suction is used when the 
atrial cavity is aspirated. 

The initial subendocardial plane of cleavage 
between thrombus and atrial wall is enlarged 
progressively by blunt dissection until the left 
pulmonary veins and mitral orifice are reached. 
Often the endocardial layer has to be sectioned 
close to the mitral annulus. The presence of cal- 
cifications in the outer layers of the thrombus 
does not interfere with this maneuver. The 
cavity is washed out thoroughly and Valsalva 
maneuvers are performed, thereby aspirating 
the left pulmonary veins. The Foley catheter is 
removed, and the appropriate mitral operation 
is performed. 


Comments 

Excision of the frequently found small atrial 
thrombi localized to the appendage does not 
present any surgical difficulty. However, a 
large intracavitary thrombotic mass creates a 
serious chance of intraoperative embolization. 
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A Foley catheter is placed through the mitral orifice, 
and a plane of cleavage ts created between thrombus 
and atrial wall both anteriorly and posteriorly by blunt 
dissection. 


Between June, 1974, and June, 1979, 30 out of 
968 patients undergoing open mitral operation 
at our institution were found to have a massive 
left atrial thrombus. Our early results were 
poor: 7 out of 8 patients died of irreversible ce- 
rebral damage. This made us reconsider our 
procedure and develop a more rational stan- 
dardized method. Its application prevented this 
problem in the subsequent 22 patients. 

The goal of this technique is to avoid inad- 
vertent fragmentation of the thrombus at the 
three points of the operation when this is likely 
to occur: handling the heart, performing the 
atriotomy, and introducing the retractors. Sub- 
endocardial removal of the thrombus reduces 


the number of fragments, and previous block- 
ing of the mitral orifice avoids their passage 
into the left ventricular cavity. Finally, wall 
suction is used when aspirating the atrial cav- 
ity. This decision was made after 2 patients 
died of complete block and secondary rupture 
of the cardiotomy reservoir followed by the 
passage of the sandlike material into the oxy- 
genator and massive systemic embolization. 
We believe that careful use of the maneuvers 
described here can change this previously 
hazardous operation into a safe, standardized 
procedure. 
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A Modified Intracardiac Patch Holder 


Jeffrey M. Dunn, M.D., and Rohinton K. Balsara, M.D. 


ABSTRACT A new intracardiac patch holder is de- 
scribed. This instrument facilitates the suturing of 
prosthetic patches. 


We have developed and clinically used a 
modified patch holder* which facilitates place- 
ment of sutures in prosthetic patch material 
when closing a large intraventricular septal de- 
fect. Large ventricular septal defects are closed 
at our institution with a double Dacron-velour 
patch employing either interrupted mattress 
Teflon-coated sutures with Teflon pledgets, or 
running simple Prolene sutures. Although car- 
dioplegic perfusion establishes a relaxed, dry, 
quiet field and affords great latitude in aortic 
cross-clamp time, it is still appropriate to 
minimize cross-clamp time when possible. The 
new patch holder makes suture placement 
easier and greatly decreases the time needed to 
secure the patch. 

The patch holder is a modified 15 cm towel 
clamp with opposing 9 mm discs, capable of 
rotating 360 degrees (Fig 1). The disc surfaces 
are crosshatched to grasp the patch securely. 
The patch holder has three advantages over 
conventional clamps. 


1. The patch holder configuration exposes the 
free sewing edge of the patch over its full cir- 
cumference. Thus, release of the patch and 
reorientation of the clamp are never neces- 
sary (Fig 2). 

2. Because the supporting discs rotate a full 360 
degrees, the patch holder can be moved 
around the operative field easily to facilitate 
exposure as different areas of the ventricular 
septal defect and patch are sutured. This is 
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Fig 1. Details of the clamp head. 
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Fig 2. Clamp supporting a Dacron-velour patch. The 
patch can be rotated easily in the clamp. 
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accomplished without releasing and reap- need for an extra assistant's forceps to sup- 
plying the patch holder. port the patch and get in the way. 

3. Since the disc-shaped clamping surface cir- 
cumferentially supports the patch near its We have found this inexpensive instrument 


edge, the patch does not "fold away" while a major aid facilitating patch closures and 
the surgeon is trying to place sutures init. In minimizing the risk of entangled and dis- 
our experience, this means that there is no oriented sutures. 


The Cuffed Endotracheal Tube 
in Emergency Cardiopulmonary Bypass Operations 


Graham N. Morritt, F.R.C.S.E., and Michael P. Holden, F.R.C.5. 


ABSTRACT A new use of the cuffed endotracheal 
tube as a right atrial venous return cannula in 
emergency cardiopulmonary bypass operations is 
described. The ready availability, low cost, and de- 
sign of the cuffed endotracheal tube make it ideal in 
this situation. We have used it successfully on three 
' Occasions. 


During the second or subsequent open car- 
diac operations, the technical difficulties of 
mobilizing the heart and great vessels in the 
pericardium are greater because of the presence 
of adhesions. Damage is likely to occur to the 
coronary arteries and chambers of the heart at 
this stage of the operation. The right atrium is 
particularly vulnerable because of its thin wall, 
anterolateral position, and the dense adhesions 
which develop at its previous cannulation sites. 
We have used the cuffed endotracheal tube as a 
right atrial venous return cannula on three oc- 
casions in an emergency. 


Method 

On two occasions, patients were undergoing a 
second or third open-heart procedure, and 
there were considerable adhesions between the 
pericardium and the heart. During mobiliza- 
tion, the right atrial wall was damaged. Tradi- 
tionally, two courses of action are available. 
Either the hole is repaired while the right 
atrium is mobilized further, or a pursestring 
suture is placed around the hole and a standard 
venous cannula is introduced through it. Dur- 
ing both these procedures if the hole is 1 cm or 
more, much blood can be lost. Alternatively, 
we introduced a standard endotracheal tube, 
size 9, through the hole in the atrial wall and 
then inflated the cuff (Figure). This provided 
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Heart with the lateral wall of the right atrium removed 
showing the endotracheal tube in position with its 
cuff inflated. 


instant and effective sealing of the hole and 
minimized the loss of blood. The pursestring 
suture can then be inserted without the need 
for urgency, after the endotracheal tube has been 
connected to. the bypass circuit and cardiopul- 
monary bypass established. On each occasion 
the tube worked very well and provided 
adequate venous drainage throughout the pro- 
cedure. 

In the third patient, three-quarters of the cir- 
cumference of the right atrium-inferior vena 
cava junction was damaged, and a catastrophic 
hemorrhage resulted. It was controlled tem- 
porarily by inserting a cuffed endotracheal tube 
into the inferior vena cava through the tear and 
inflating the cuff to produce occlusion and 
minimize further loss of blood. The aorta was 
rapidly cannulated, and bypass was begun 
using only the cuffed endotracheal tube for ve- 
nous return. A second venous return cannula 
was then inserted into the superior vena cava in 
the conventional way. While the patient was 
being cooled to 28°C, a third venous cannula 
was inserted into the inferior vena cava by way 
of the right femoral vein. After the aorta had 
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been cross-clamped to prevent any blood re- 
turning to the right atrium, the cuffed endo- 
tracheal tube was removed and the right 
atrium-inferior vena cava junction was re- 
paired with 5-0 Prolene. The patient made an 
uneventful recovery and is working full-time. 


Comment 

Zumbro and Treasure [1] in 1976 suggested the 
use of a child's cuffed endotracheal tube for 
venting the left ventricle during open-heart op- 
eration. Our report suggests its use as a right 
atrial venous return catheter. To the best of our 
knowledge, this use of the endotracheal tube 
has not been reported. Since we began to use 
the endotracheal tube for this purpose, a spe- 


cialized venous cannula has become commer- 
cially available.* We suggest that the ready 
availability of the cuffed endotracheal tube in 
all operating theaters and its low cost make it an 
attractive alternative in this situation. How- 
ever, caution must be used with the balloon- 
cuffed venous return cannula in the inferior 
vena cava because prolonged obstruction of the 
hepatic veins is obviously dangerous. 
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Tined Transvenous Endocardial Electrodes: 
Results of a Randomized Prospective Study 
James V. Richardson, M.D., Creighton B. Wright, M.D., and J. L. Ehrenhaft, M.D. 


ABSTRACT The early (30-day) dislodgment rate of 
standard-use flange-tipped and of tined endocar- 
dial electrodes was compared in a randomized pro- 
spective clinical trial. Four of 16 (25%) of the 
flange-tipped leads and none of the 18 tined leads 
dislodged within 30 days of implantation (p = 0.01). 
We believe that the tined electrode represents a 
major improvement in electrode design and is 
clearly superior to the flange-tipped electrode in re- 
ducing the incidence of early dislodgment. 


Transvenous pacemaker implantation is the 
procedure of choice for most adults requiring 
long-term pacing. The most common complica- 
tion of this procedure is early dislodgment, 
which occurs in approximately 1096 of patients 
[1]. New electrode designs have been devel- 
oped to reduce the rate of dislodgment. The re- 
sults of two nonrandomized and nonprospec- 
tive studies [2, 3] suggest that the use of tined 
electrodes results in a lower incidence of early 
dislodgment. The randomized prospective clini- 
cal trial reported here was designed to compare 
the early (30-day) dislodgment rate of standard 
flange-tipped and of tined electrodes. 


Material and Methods 

Thirty-four consecutive patients underwent 
transvenous pacemaker implantation by the 
same surgeon (J. V. R.) Standard bipolar 
flange-tipped electrodes (Intermedics model 
466-01) or tined (Intermedics model 476-01) 
leads were selected randomly. Early dislodg- 
ment was defined as a loss of pacemaker func- 
tion, sensing or pacing, or both. Infection, 
lead fracture, pulse generator failure, and 
ventricular perforation were excluded as causes 
of pacing failure. Fluoroscopic position of the 
electrode was considered satisfactory in all pa- 
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tients. Stimulation threshold (mean: 0.71 v, 
0.84 ma), impedance (mean, 226 ohms), and R 
wave sensing (mean, 6.9 mv) were measured in 
all patients and were satisfactory [4, 5]. 


Results 

Of the 16 patients receiving flange-tipped 
leads, 4 (25%) had early dislodgment. Three 
underwent successful reoperation, and 1 re- 
fused further treatment. No dislodgments oc- 
curred in the 18 patients receiving tined elec- 
trodes (p = 0.01). 


Comment 

Early dislodgment remains the most common 
complication of transvenous pacemaker im- 
plantation. The newer electrodes are designed 
to improve tip stability and, therefore, reduce 
dislodgment. Two prior studies [2, 3] suggested 
that the tined electrode may reduce the inci- 
dence of this complication. 

The present randomized prospective study 
demonstrates the superiority of the tined lead 
over standard flange-tipped electrodes. Al- 
though some slight difficulty was encountered 
in moving the tined electrodes in the heart and 
through the tricuspid valve, we believe that this 


. lead is the electrode of choice for patients re- 


quiring permanent transvenous pacemaker im- 
plantation. 
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COLLECTIVE REVIEW 


The Role of Lymphstasis in Atherogenesis 


Gerald M. Lemole, M.D. 


ABSTRACT The cardiac lymphatics are responsible 
for the transport of all the lipoproteins and choles- 
terol from the extravascular myocardial tissue, al- 
though little is known about the filtration and lym- 
phatic clearance of the coronary artery wall. It 
is postulated that a critical factor in the genesis 
of arteriosclerosis is lymphstasis, which adequately 
explains the positive correlation with the known 
risk factors for coronary artery disease and the 
negative correlation with high-density lipopro- 
teins. Further research is necessary in this little- 
known area to better understand the etiology of ath- 
erosclerosis. 


Cardiac lymphatics have been implicated in a 
variety of lesions, including conductive distur- 
bances [1], arrhythmias [1], bacterial endocar- 
ditis [2], rheumatic valvulitis [2], and endocar- 
dial fibroelastosis [3]. Little has been written 
regarding the role of inadequate lymphatic 
clearance of the lipoproteins from the arterial 
wall as a possible cause of atherosclerosis. The 
hypothesis of an imbalance between the inter- 
stitial lipoprotein concentrations and lymphatic 
flow (ymphstasis) is appealing since it is con- 
sistent with lymphatic function and at the same 
time pulls together the unrelated but associated 
risk factors of hyperlipidemia, stress, cigarette 
smoking, age, hypertension, obesity, inactiv- 
ity, personality and behavior, family history, 
and decreased. vital capacity [4]. It would also 
explain the association between mediastinal ir- 
radiation and coronary artery disease [5] and 
the apparent protective effect of elevated high- 
density lipoproteins (HDL) [6] in the plasma. 
During a 24-hour period, more than 50% of 
the circulating proteins escape from the blood 
vessels [7]. This extravascular protein cannot be 
directly reabsorbed into the blood capillaries, 
but enters the lymphatic vessels and is returned 
to the blood indirectly. The function of the 
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lymphatic system is one of absorption from the 
interstitial spaces and is of fundamental im- 
portance in the maintenance of fluid balance by 
restoring the lost protein to the circulation [8]. 
Protein moieties pass through the endothelium 
and interstitium relative to their size; the 
smaller molecules cross more numerously and 
quickly [9, 10], while large molecules, the size 
of B-lipoproteins (200 to 250 A in diameter; 
molecular weight, 2 to 2.5 million), enter the 
interstitium less frequently and are cleared 
more slowly [11]. It has been shown, however, 
that practically all the cholesterol in ather- 
omatous plaques is derived from plasma [12, 
13]. Although cholesterol is most heavily de- 
posited in the intima [14, 15], it has been 
found throughout the entire thickness of the 
arterial wall to the adventitia where lym- 
phatic capillaries are abundant [16]. I postulate 
that lymphstasis slows the transit of the lipo- 
proteins in the arterial wall, and that this pro- 
longed presence increases tissue and lipid 
phagocytosis by the intramural foam cells. 

Anoxia causes a change in capillary permea- 
bility with an increase in the filtrate and protein 
into the interstitium [17, 18]. An increase in the 
head of pressure, as seen in hypertension or 
epinephrine release, also increases the filtration 
rate across the endothelium [17, 19]. Athero- 
sclerotic lesions are most likely to develop 
in the same area where fibromuscular elas- 
tic thickening is observed, such as the coro- 
nary arteries and abdominal aorta [20]. How- 
ever, local changes of type, amount, or physical 
properties of the mucopolysaccharides may 
represent the initial lesion [4], an observation 
paralleling the connective tissue proliferation 
and increased cellularity seen in lymphstasis 
[175 21] 

The lymphatic channels of the heart are di- 
vided into three layers consisting of a sub- 
endocardial, myocardial, and subepicardial 
plexus [22]. The subendocardial and myocardial 
plexus do not form collecting trunks until they 
reach the subepicardial lymphatics [22]. The 
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collecting vessels in the subepicardium have 
valves to ensure forward motion [22, 23]. The 
larger collecting ducts of the lymphatic system 
have been shown to contain. unmyelinated af- 
ferent nerve fibers [24], and smooth muscle 
capable of constriction [23, 25]. Epinephrine or 
Pituitrin (posterior pituitary injection) evokes 
spasm in the larger collecting lymphatics [26]. 
Therefore, it is possible to create elevated pres- 
sures in the lymphatic system by neuro- 
humoral pathways [27]. The role of the pres- 
sure in the subepicardial lymphatics [28] is 
particularly important when one considers that 
the intramyocardial lymphatics are constantly 
milked by the vigorous action of the heart mus- 
cle [18]. This moves the intramyocardial lymph 
into the subepicardium where the valves pre- 
vent backflow [23, 29}. The lymphatics of the 
coronary arteries of the epicardium have no 
such propulsive vis a tergo; any increase of 
pressure in the epicardial lymphatics will pre- 
vent clearance of the coronary arteries. It is 
most important to remember that atheroscle- 
rosis is limited almost exclusively to the vessels of 
the epicardial surface; intramyocardial coronary 
vessels are rarely involved. 

Physiologically, lymph flow is dependent on 
the motion of the thoracic cavity [30—32]. Shal- 
low breathing decreases lymphatic flow [31, 33] 
and exercise can increase it up to 270% [34]. 
Coronarv atherosclerosis has been associated 
with a decreased vital capacity and a lack of 
exercise [35], both of which promote lymph- 
stasis. Age [36, 37], internal hormonal milieu 
[38, 39], and hereditary factors [21, 40] also have 
a major role in lymphstasis. Thus, the imbal- 
ance between lipoprotein filtration and lym- 
phatic clearance of the arterial wall offers a logi- 
cal explanation for the relationship between the 
previously mentioned risk factors and coronary 
artery disease. 

Elevation of the hydrostatic pressure of the 
lymph channel or ligation of the cardiac lym- 
phatics has been shown to cause miliary infarc- 
tion and small-vessel occlusion [41], suben- 
dothelial proliferation [42], and a decrease in 
cardiac output [43]. Consistent with this is the 
observation by Selye [44] and by Jdanov [45] 
that chronic inflammation or chronic stress will 
cause reticuloendothelial atrophy and lymph- 


stasis of the epicardial channels in the peri- 
adventitial tissue of the coronary arteries [46]. 
Scarring [47], lymphstasis, and lymphatic 
inflammatory changes accompany 9096 of the 
postmortem specimens with coronary athero- 
sclerosis [48]. In 1972, Dr. Elizabeth Lausch 
and I attempted to reproduce the "galloping 
atherosclerosis" of chronic rejection after car- 
diac transplantation. Since the lymphatics were 
not reanastomosed in the transplant procedure, 
we thought that by ligating the cardiac lym- 
phatics we could reproduce the changes of 
chronic rejection. In a very limited series of 
rhesus monkeys, we were able to create 
atheromatous plaques within three weeks after 
ligation and a high-cholesterol diet. 
High-density lipoproteins have been char- 
acterized as "good" lipoproteins [6] since they 
are capable of transporting cholesterol to the 
liver for metabolism into bile acids [49]. The 
HDL is elevated in joggers [50], vegetarians 
[51], and people enjoying the "longevity syn- 
drome" [52]. Low-density or f-lipoproteins 
(LDL) are catabolized at the tissue level and do: 
not carry cholesterol to the liver for excretion in 
the bile. By placing patients on a low-fat, low- 
cholesterol, high complex-carbohydrate diet 
after operation, it has been possible to decrease 
the plasma LDL markedly, but not affect 
the HDL.* I have studied the pericardial fluid 
and have found that it contains between 50 and 
100% of the plasma level of HDL.* Since 
pericardial fluid is essentially cardiac lymph 
[53], it is seen that a high percentage of HDL 
passes the capillary walls and into the lymphat- 
ics. Conversely, LDL has a very low plasma to 
lymph ratio [54]. Since HDL (molecular weight, 
300,000; 90 to 120 A in diameter) can transport 
cholesterol from tissue back to the liver by way 
of the lymphatics for excretion, this enhanced 
lymphatic clearance may be the explanation for 
its beneficial effect. Exercise increases the 
plasma flow, thus decreasing the transit time, 
which would raise the plasma HDL in people 
performing sustained physical activity [50]. 
Another clinical observation is the seemingly 
high incidence of coronary artery disease in 
patients after mediastinal irradiation [5]. This 
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was corroborated in 1980 by several groups (55, 
56]. Experimentally, atherosclerosis in pigs is 
enhanced by mediastinal irradiation and high- 
cholesterol diet [57, 58]. The assumption is that 
this is caused by radiation injury to the coro- 
nary endothelium. Since irradiation causes ob- 
literation of the lymphatic channels [59], it could 
also be assumed that the basis of the enhanced 
coronary atherosclerosis is lymphstasis. 

These observations stimulated the hypothe- 
sis that lymphstasis, either congenital (heredi- 
tary) or acquired (stress, sympathetic stimula- 
tion, poor diet, anoxia, hypertension), could 
play a pivotal role in the development of athero- 
sclerosis. Thoracic surgeons have had a special 
interest in the lymphatic system, but much of 
their investigation in atherosclerosis has been 
directed toward palliation rather than the 
genesis of the disease. If this hypothesis is to be 
confirmed or disproved, it will require further 
experimentation in many disciplines, including 
physiology, nuclear medicine, immunology, 
pathology, and lipid metabolism. Because of 
this special interest and the need for highly re- 
fined techniques, the thoracic surgeon should 
be a major contributor to the investigation in 
this fertile area. 
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1981 Meeting: The Society of Thoracic Surgeons 


The Seventeenth Annual Meeting of The Soci- 
ety of Thoracic Surgeons was held at the Los 
Angeles Bonaventure Hotel, Los Angeles, CA, 
January 26-28, 1981, with an all-time record at- 
tendance of 2,543 registrants including spouses 
and exhibitors. The Scientific Sessions also 
were attended by a record number of 735 mem- 
bers and 393 guests, including 124 residents. 
Seven hundred twenty-six Registrants were 
present at the Fifteenth Annual Postgraduate 
Course, which incorporated a Selectravote 
System of instantaneous evaluation of audience 
reaction for self-assessment purposes. Dr. 
Robert Frater, Chairman, and the members of 
the Committee on Postgraduate Education are 
to be commended for putting together an ex- 
cellent program with innovations that were ac- 
cepted with enthusiasm. 

In addition to the traditional scientific ses- 
sions, breakfast seminars were held on two 
separate mornings. Attendance was limited to 
ensure informality and to encourage member 
participation. The first breakfast session was 
devoted to case presentations of difficult prob- 
lems and the second, to small group presen- 
tations of selected topics. Both sessions were 
eminently successful, and much credit is due to 
the tremendous efforts of the Program Com- 
mittee under the very capable leadership of Dr. 
W. Spencer Payne. 

Dr. and Mrs. George G. Lindesmith chaired 
the Local Arrangements Committee and the 
Women's Activities Committee, respectively. 
They and their committees are to be com- 
mended for marvelous organization, which re- 
quired a tremendous amount of effort on their 
part in ensuring a smooth operational program 
that was received most favorably. AIl of the staff 
from Smith, Bucklin and Associates performed 
magnificently in helping to promote a smooth 
operation in all aspects. 

The death of our immediate past president, 
Dr. Paul C. Adkins, was noted by the member- 
ship. 

Dr. Ankeney's Presidential Address was en- 
titled "Assurance" and was a timely assessment 
of the evolutionary aspects leading to such cur- 
rently controversial issues as self-assessment, 
self-evaluation, and recertification. 


At the Annual Business Meeting the follow- 
ing officers were elected: Anthony R. C. Dobell, 
President; Hassan Najafi, Vice-President; W. 
Gerald Rainer, Secretary; Benson R. Wilcox, 
Treasurer; and Robert G. Ellison, Historian. 
Richard G. Connar was elected to the Council as 
Councillor at Large. Herbert Sloan continues 
his term as Editor, The Annals of Thoracic Sur- 
gery. In addition to continuing as Editor, Dr. 
Sloan became the sixth recipient of the Society's 
Distinguished Service Award. 

Three substantive revisions to the Bylaws 
were passed by the membership. One estab- 
lished an Inactive Status under the active mem- 
bership category to be utilized only for reasons 
of incapacity by disability. The second created 
the establishment of an Executive Committee. 
The third established that the Nominating 
Committee will be composed of the last 5 living 
past presidents. Details of important Council 
actions and of the actions of the business 
meeting of the membership will be transmitted 
to the membership in a newsletter to be dis- 
tributed in the near future. 

Seventy-five new members were elected, in- 
creasing the total membership to 1,986. A roster 
of the new members, headed by a listing of of- 
ficers, committees, and Society representatives 
for 1981-1982, appears on pages 295—298. The 


last complete membership roster was published 


in Volume 25 of The Annals (March, 1978, pp. 
275—288). 

The Society extends its deep appreciation to 
those members retiring from committee ac- 
tivities. It owes a tremendous debt of gratitude 
to Dr. Jay Ankeney, who not only served ad- 
mirably as President, but concluded his term 
with the presentation of the new SESATS syl- 
labus put together under his direction as leader 
of the Committee on Continuing Education in 
Thoracic Surgery. 

The Eighteenth Annual Meeting will be held 
January 11-13, 1982, in New Orleans, LA. Dr. 
Peter Moulder will serve as Chairman of the 
Committee on Local Arrangements. 


W. Gerald Rainer, M.D. 
Secretary 
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Anthony R. C. Dobell, Montreal 


Vice-President 
Hassan Najafi, Chicago 
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W. Gerald Rainer, Denver 
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Benson R. Wilcox, Chapel Hill, NC 


Editor 
Herbert Sloan, Ann Arbor 


Historian 
Robert G. Ellison, Augusta, GA 


Maurice Adam (Chairman, Committee on Standards and Ethics, and Councillor at Large) (1984), Dallas 


Jay L. Ankeney (Past President) (1983), Cleveland. 


L. Thompson Bowles (Chairman, Committee on Government Relations) (1982), Washington 
Richard G. Connar (Councillor at Large) (1984), Tampa 

Tom R. DeMeester (Chairman, Committee on Postgraduate Education) (1982), Chicago 
Grady L. Hallman (Chairman, Membership Committee) (1982), Houston 

Charles R. Hatcher, Jr. (Councillor at Large) (1982), Atlanta 

Andrew S. Wechsler (Chairman, Program Committee) (1982), Durham 

Clarence S. Weldon (Councillor at Large) (1983), St. Louis 


Membership Committee 


Grady L. Hallman, Chairman (1983), Houston 
Richard P. Anderson (1984), Seattle 

Joseph C. Cleveland (1984), Urbana, IL 
Richard J. Cleveland (1982), Boston 

Claude M. Grondin (1983), Montreal 

Mark B. Orringer (1982), Ann Arbor 


Program Committee 


Andrew S. Wechsler, Chairman (1982), Durham 


Joel Cooper (1982), Toronto 

Vincent L. Gott (1984), Baltimore 

Lazar J. Greenfield (1983), Richmond 

Eldred D. Mundth (1983), Philadelphia 
Herbert E. Warden (1984), Morgantown, WV 


Committee on Postgraduate Education 
Tom R. DeMeester, Chairman (1982), Chicago 


Jean Deslauriers (1984), Sainte-Foy 


L. Henry Edmunds, jr. (1983), Philadelphia 
Edward J. Hurley (1982), Sacramento 
Donald J. Magilligan, Jr. (1984), Detroit 
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Local Arrangements Committee 


Peter V. Moulder, Chairman, New Orleans 
Other members of the committee to be appointed by 
Dr. Moulder 
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The Society of Thoracic Surgeons Representatives on The American Board 


of Thoracic Surgery 


Harold V. Liddle (1985), Salt Lake City 
Hassan Najafi (1983), Chicago 


Quentin Stiles (1984), Los Angeles 
Harold C. Urschel, Jr. (1981), Dallas 


The Society of Thoracic Surgeons Representatives in Other Societies and Associations 


AMERICAN COLLEGE OF SURGEONS 


Board of Governors 
F. Henry Ellis, Jr. (1981), Boston 


Advisory Council for Cardiothoracic Surgery . 


Jay L. Ankeney (1984), Cleveland 
Charles R. Hatcher, Jr. (1982), Atlanta 
Harold V. Liddle (1981), Salt Lake City 
Herbert Sloan (1983), Ann Arbor 
Clarence S. Weldon (1982), St. Louis 


AMERICAN ASSOCIATION FOR RESPIRATORY THERAPY 


Board of Medical Advisors 


Roger R. Ecker (1981), Oakland 
Richard B. McElvein (1983), Birmingham, AL 


AMERICAN MEDICAL ASSOCIATION 


House of Delegates 


Thomas D. Bartley (1982), Gainesville 
George J. Magovern (Alternate), Pittsburgh 


AMERICAN HEART ASSOCIATION 


Council on Cardiopulmonary Diseases 
Ben Ferrell Mitchel, Jr. (1981), Dallas 


ASSOCIATION FOR THE ADVANCEMENT OF 
MEDICAL INSTRUMENTATION 


William G. Malette (1982), Omaha 


COORDINATING COUNCIL FOR CONTINUING EDUCATION 
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L. Penfield Faber (1986), Chicago 
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COUNCIL OF MEDICAL SPECIALTY SOCIETIES 
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INTER-SOCIETY COMMISSION FOR HEART 
DISEASE RESOURCES 


Maurice Adam, Dallas 


` The Society of Thoracic Surgeons Representatives to Organizations Related 


to Cardiopulmonary Perfusion 


AMERICAN BOARD OF CARDIOVASCULAR PERFUSION 


AMERICAN SOCIETY OF EXTRA-CORPOREAL TECHNOLOGY 


Richard J. Cleveland, Boston 
W. Gerald Rainer, Denver 


AMERICAN MEDICAL ASSOCIATION COMMITTEE 


ON ALLIED HEALTH EDUCATION AND ACCREDITATION 


Panel of Consultants 

Joint Review Committee for Cardiovascular 
Perfusion Education 

Richard J. Cleveland, Boston 

W. Gerald Rainer, Denver 

John S. Vasko, Columbus, OH 
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Editor 
Herbert Sloan, Ann Arbor 


Associate Editors 


Richard K. Hughes, Los Angeles 
Marvin M. Kirsh, Ann Arbor 
Timothy Takaro, Asheville, NC 


. Assistant Editor 


Richard M. Peters, San Diego 


Editorial Board 


John R. Benfield, Duarte, CA 
Richard E. Clark, St. Louis 

Richard J. Cleveland, Boston 
Anthony R. C. Dobell, Montreal 

F. Henry Ellis, Jr., Boston 

Thomas B. Ferguson, St. Louis 
Nicholas T. Kouchoukos, Birmingham, AL 
Sidney Levitsky, Chicago 

Martin F. McKneally, Albany 
Hassan Najafi, Chicago 

Stanton P. Nolan, Charlottesville, VA 
E. Converse Peirce H, New York 
Benson B. Roe, San Francisco 

Will C..Sealy, Durham 

G. Frank O. Tyers, Vancouver 
Andrew S. Wechsler, Durham 


Members 


New Members 
Allard, Jean R. 
Lynwood, CA 


Aris, Alejandro 
Barcelona, Spain 


Ashford, Charles H., Jr. 
New Bern, NC 


Azar, Hormoz 
Norfolk, VA 


Bautista, Eliseo M. 
Los Angeles, CA 


Bone, David Kennedy 
Atlanta, GA 


Brandt, Berkeley, III 
Iowa City, IA 


Brunswick, Richard A. 
New Orleans, LA 


Campbell, Charles D. 
Chicago, IL 


Clarke, John Samuel 
Aurora, CO 


Cole, F. Hammond, Jr. 
Memphis, TN 


Cooley, Jack C. 
Urbana, IL 


Cornel, Garry 
St. John's, Nfld, Canada 


Crawford, Fred Allen, Jr. 
Charleston, SC 


Culliford, Alfred T. 
New York, NY 


Dalichau, Harald G. J. 
Cologne, West Germany 


David, Tirone E. 
Toronto, Ont, Canada 


Deal, Thomas Edward 
St. Petersburg, FL 


DeLaria, Giacomo A. 
Chicago, IL 


Duff, James Alexander 
Corpus Christi, TX 


Dunn, Jeffrey Marc 
Philadelphia, PA 


Eschapasse, Henry 
Toulouse, France 


Evans, Richard H. 
Chicago, IL 


Firdaus, Tahir 
Youngstown, OH 


Gallagher, Michael W. 
Houston, TX 


Garcia, Jorge M. 
Washington, DC 


Garcia-Bengochea, Jose B. 


Santiago, Spain 


Gill, Carl C. 
Cleveland, OH 


Green, Southgate W. 
Knoxville, TN 


Guarino, Ross L. 
Buffalo, NY 


. Gunupati, Venkata Chelvapilla ` 


Baldwin Park, CA 


Hannah, Hamner, III 
Kansas City, MO 


Hennessy, Vincent L., Jr. 
Philadelphia, PA 


Herman, Steven Douglas 
Bridgeport, CT 


Jara, Fernando M. 
Detroit, MI 


Jawde, Andre F. A. 
Tallahassee, FL 


Jones, James Wilson 
New Orleans, LA 


Katz, Saul 
Portland, ME 


Khicha, Gyanchand J. 
Wichita, KS 


King, Robert D. 
Indianapolis, IN 


Knauf, Daniel G. 
Gainesville, FL 


Konsuwan, Nit 


Bangkok, Thailand 


Lawrence, John Mark 


Long Beach, CA 


Lee, Jack C. 
Medford, MA 


Lee, Myles Edwin 
Los Angeles, CA 


Lefrak, Edward A. 
Fairfax, VA 


Levin, Barry J. 
Washington, DC 


Litchford, Britt 
San Diego, CA 


Major, William K., Jr. 
Buffalo, NY 


Martin, M. Herbert, Jr. 
Dubuque, IA 


Marty, Alan Thomas 
Evansville, IN 


McIlduff, Joseph B. 
Albany, NY 


Mispireta, Luis A. 
Washington, DC 


Myhre, Oddvar Arenbjorn 
Torrance, CA 


Neligan, Maurice C. 
Dublin, Ireland 


Nipp, Ralph E. 


- Chattanooga, TN 


Norwood, William Imon, Jr. 


Boston, MA 


O'Neill, Martin J., Jr. 
Hershey, PA 


Parr, Grant Van Siclen 
Hershey, PA 


~ Phitayakorn, Chit 


Pittsburgh, PA 


Puga, Francisco J. 
Rochester, MN 


Rahbar, Ahmad 
Wheeling, WV 


Sanders, John H., Jr. 
Chicago, IL 


Sandza, Joseph G., Jr. 
St. Louis, MO 


Shannahan, John Michael 
Madison, WI 


Smith, Laurence H. 
Santa Barbara, CA 


Spoto, George, Jr. 
Largo, FL 


Stander, Klint Howard 
Houston, TX 


Su, Chia-Chuen 
Hagerstown, MD 


Szarnicki, Robert Joseph 
San Francisco, CA 


Wakabayashi, Akio 
Irvine, CA 


Wolner, Ernst 
Vienna, Austria 


Yarbrough, John Ward 
Omaha, NE 


Young, J. Nilas 
Oakland, CA 


Zorn, George L., Jr. 
Birmingham, AL 


Deceased Members 


Adkins, Paul C. 

Barrett, Raymond J. 
Cameron, A. Malcolm 
Fishback, Malcolm E. 
Glass, James Lawrence, Jr. 
Kyllonen, Armas S. 


. McHale, James J., Jr. 


Not only the last word 


in medicine... 
but the first! 


THE LANCET 


For 157 years, The Lancet has been keeping 
medical professionals informed of the most 
notable and significant advances in medicine — 
as they happen. Today, articles reporting on 
new research and fast-paced development in 
biomedicine are published with dispatch— 
usually within four to eight weeks. 


The Lancet can be your *window on the world" 
of medicine—with original, innovative, and 
timely articles from all over the world. One of 
the most frequently quoted medical journals, 
The Lancet is comprehensive yet concise, inter- 
national in scope, challenging to the scientific 
mind, and willing to take an interest... and to 
take a stand. 

Subscribe today, so you won't miss another 
issue of The Lancet. Each week, The Lancet 
will give you access to the newest ideas, latest 
findings, and greatest breakthroughs in 
medicine. 


Clip and mail to: 
The Lancet 


Little, Brown and Company 

34 Beacon Street 

Boston, MA 02106 

Please enter my subscription to The Lancet. 

[ ] 1 year (52 weeks) $55.00 

[ ] Resident, intern, student, nurse, technician: 











| year (52 weeks) $46.50 
Name . 
Address . 
City — State/Zip 
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à drug-resistant sinus arrhythmias, including sinus ing with intractable, recurrent, congestive heart fail. 
INDICATIONS AND CONTRAINDICATIONS bradycardia, sinus arrest, and sinoatrial (S-A) block ure; cerebral or rend insufficiency: or recurrent, 
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and as advanced methods for patient management block; (4) recurrent Adams-Stokes syndrome; considered candidates for permanent cardiac 
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The New Standard For Bipolar Pacing. 
Intermedics in-line technology is an entirely new 
concept in bipolar pacing. It permits a bipolar 
pacing system to be as thin, small, and light- 


weight as most unipolar systems; it 
offers remarkable convenience and 
‘simplicity of use; and it provides 
unparalleled immunity to non- 
cardiac signals. 


Exceptional Noise And 


Artifact Immunity. 
Intermedics in-line bipolar con- 
cept has added an important di- 
mension to the ability to reject 
undesired signals. The lead con- 
ductors are coaxial providing 
shielding all the way from the pulse 


generator to the ring electrode. The result is a 
clean, crisp intracardiac signal to the sensing 
circuitry of the pacemaker, free from unwanted 
noise or other artifacts. No other bipolar pace- 
maker available offers this advantage. 


been rigorously defined. Factors to be considered in- - 
clude the location of the myocardial infarct, the 
ptesence or absence of symptoms, ventricular rate, 
mechanism of thearrhythmias, and response to 
therapy. In géneral, symotomatic drug-resistant 
bradyarrhythmias which impair cardiac output are 
considered indications for pacingiu patients with ac- 
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Simple, Convenient Implantation. 

The CyberLith I model 254-06, the newest 
member of the CyberLith family of pacemakers, is 
the first multiprogrammable pacemaker to use the 


new in-line technology. A simple, 
in-line connector eliminates the 
bulky, bifurcated connectors in 
the pacemaker and the lead. The 
smaller, physiologically compati- 
ble pacemaker fits easily in the 
pocket. 


Intermedics—On The 
Leading Edge Of Pacemaker 
Technology. 


Innovation is not the only reason 
for selecting an Intermedics prod- 


uct. The CyberLith family of pacemakers is un- 


There are no known contraindications to the use 
of pacemakers as a medical method for control of 
heart rate. However, body rejection phenomena such 
as local tissue reaction or skin necrosis, muscle and 
nerve stimulation, embolism, and cardiac tamponade 
have béen reported. 


surpassed in clinical experience, proven perfor- 
mance and reliability. 

To find out more about the new convenience of 
bipolar pacing, contact your Intermedics represen- 


tative or call us toll-free at 800/231-2330. 


lntermedics lnc. 


P.O. Box 617 - Freeport, Texas 77541 
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For more than 14 years the Smeloff 
open cage, full-flow orifice, 
prosthetic heart valve has been 
proven in thousands of procedures. 
In its present form, the Smeloff 
heart valve has remained 
unchanged in design and materials 
due to its superior reliability and 
effectiveness. The Smeloff heart 
valves feature: 


Pure titanium, one-piece cage 


Solid silicone rubber poppet with 
"mild cure” 


The occluder seats concentric with 
the orifice so that a smaller size 
ball and larger orifice per valve 
mounting diameter can be 
achieved. 


The smaller ball in the narrow aorta 
provides better flow properties. 
The smaller ball in the mitral valve 
reduces ball travel into the 
ventricle. 


The concentric seating of the ball 
in the mitral valve allows the ball 
to exit the ventricle during systole. 


Sutter Biomedical offers the 
manufacturing craftsmanship and 
expert service to match the 
superior qualities of the Smeloff 
valves. Orders are shipped the day 
of placement providing timely 
delivery for your surgical needs. 


Sutter Biomedical is your 
headquarters for Smeloff aortic and 
mitral heart valves. Put Time On 
Your Side. 


Sutter Biomedical, Inc. 


3940 Ruffin Road 

San Diego, California 92123 
(714) 569-8148 

For order placement call: 
(800) 854-2216 


SutterBiomedical Inc. 
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technology to give you a complete line: 


AXIOM MEDIASTINAL DRAINS 


(available in 3 eye patterns and 4 sizes, 
including adult and pediatric) 


AXIOM THORACIC DRAINS 


RIGHT ANGLE THORACIC DRAIN 


STRAIGHT THORACIC DRAIN 
(available in 8 sizes, both adult and pediatric) 


AXIOM SUMP DRAINS 


UNI SUMP 


DUAL SUMP 
(each available in 2 eye patterns and 2 lengths) 


FILTERED DUAL SUMP 
(available in 2 lengths) 





FREE SAMPLE 


OF ANY AVAILABLE DRAINS 


Contact your Axiom 
Representative or: 
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AAEDICAL. INC. 


7625 ROSECRANS BLVD., PARAMOUNT, CA 90 
PHONE — (213) 633-0069 
CABLE— AXIOMMED TWX- 9103466988 
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Interrogatable 


HE vvvaai uni LAR VVI BIPOLAR 
Programalith 6 is SSS For less critical es 
the full six -parameter applications, Programalith 3 
interrogatable, programmable provides the physician with 
pacemaker. In conjunction with the same basic interrogation 
the Programmer, Programalith 6 capabilities as Programalith 6, 
provides the physician with as well as three programming 
the means for comprehensive functions -pacing rate, pulse 
paced-patient management width and sensitivity - all with 
while obviating many common multiple options. 
reasons for invasive pacing 
system revision. 


Only after you have reached the ultimate in sophistication can you truly simplify. 
This new 6-3-1-0 family of Programalith® Interrogatable™ pacemakers is ideal 
demonstration of that fact. It is the most flexible system ever offered the physician. 
Even the simplest of these four pulse generators offers the all-important Pacesetter 
exclusive: a simple method of calculating years of remaining battery capacity 

as well as an accurate determination of possible problems and their location, 
through measurement by interrogation of lead and heart interface impedance, 


$5 


BO bv Pacesetter Svstems. Inc. acese er ems E NG. 
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Programalith 1 VEND For simplest applications, “—— —— — 
interrogates and programs a Programalith 0 requires no programming, 
single parameter - pacing rate — yet can still be interrogated for all measure 
allowing the physician to choose data, providing invaluable assistance in lon 
from 12 different options and term patient 

provides the all-important management. 

interrogation function 

as well. 


battery impedance and battery current. Part of the 

flexibility of this new system derives from the 

complete integration of all units with the one single 
programmer the physician will ever need - GR. — 
the one Pacesetter supplies to you with thefirst _ — inm 


implant of any one of these pacers. /C Wm re 
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CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 34, ABS, ABTS, uni- 
versity trained, presently at major university medical cen- 
ter, wishes to enter private practice or relocate to another 
teaching program. Experienced in adult and pediatric car- 
diac, thoracic, and vascular surgery. Will consider all loca- 
tions. CV and operative experience available upon request. 


Please respond to W-238, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 33, ABS certified, ABTS eligible, 
major university hospital-trained in all aspects of thoracic 
and cardiac surgery. No geographical preference. Seeks fac- 
ulty position or association with private group. Available 
July, 1981. 


Please respond to W-241, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Thoracic and vascular surgeon, 53, ABTS and ABS, wishes 
to join a group and be busy with thoracic and vascular sur- 
gery at one hospital. Teaching affiliation preferred. Will 
soon close solo practice at hospitals begun in 1961. 


Please respond to W-253, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Young certified thoracic and cardiovascular surgeon seeks 
position in private practice. Excellent, balanced operative 
experience in all aspects of the specialty. Available immedi- 
ately. No geographical preference. Curriculum vitae and 
bibliography upon request. 


Please respond to W-254, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A-36 


Cardiovascular and thoracic surgeon, university trained, 
ABS, ABTS eligible. Presently in full-time academic posi- 
tion, seeking faculty position or association with private 


group. 
Please respond to W-255, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Assistant Professor of Cardiovascular and Thoracic Surgery 
at major university center, 35, ABS, ABTS certified, 
searching for opportunity to initiate a private open-heart 
program or become significant part of established program. 
Excellent clinical, surgical, and administrative experience. 


Please respond to W-256, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Able, well-trained cardiovascular and thoracic surgeon, 33, 


seeks position. Recent graduate from major university cen- 
ter with very active clinical service. All situations and loca- 
tions considered. Available immediately. 


Please respond to W-260, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Cardiovascular and thoracic surgeon needed to join ex- 
panding thoracic and cardiovascular practice in northeast 
Ohio. Recent graduate preferred. 


Please send curriculum vitae to David S. Starr, M.D., 1393 
Mt. Everett Rd, Hubbard, OH 44425. 


Thoracic-vascular surgeon wanted to join practicing tho- 
racic surgeon. Excellent opportunity for Board-certified 
or Board-eligible thoracic surgeon in growing east coast 
Florida community. Complete training in all aspects of 
thoracic and peripheral vascular surgery required. 


Please respond to A-212, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1981, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures (250 to 300 cases per year). 


Please respond with CV to A-226, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 48109. 


General-thoracic-vascular surgeon wanted to associate with 
multispecialty group located in San Fernando Valley. No 
cardiac surgery. Complete training in all aspects of thoracic 
and peripheral vascular surgery required. 


Write and send curriculum vitae to James D. Roorda, M.D., 
Southern California Permanente Medical Group, 4747 Sun- 
set Blvd, #AB 2, Los Angeles, CA 90027. 


Cardiovascular-thoracic surgeon wanted to join large Mid- 
west multispecialty group. Plan adult open-heart program. 
Present thoracic surgeon also doing some vascular and 
general surgery. 


Please respond to A-238, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





Board-eligible or certified cardiovascular surgeon sought 
by large multispecialty group expanding its cardiovascular 
team to meet demands. Includes all phases of adult and ado- 
lescent cardiac, thoracic, and vascular surgery. 


Send CV or contact M. J. E. Johnson, M.D., or R. E. Hieb, 
M.D., Quain & Ramstad Clinic, P.C., Box 1818, Bismarck, 
ND 58502; tel (701) 222-5413. 


Cardiovascular surgical research and clinical fellowship at 
the Texas Heart Institute. Six-month to two-year programs 
beginning January 1, 1981, within busy circulatory support 
service with emphasis on experimental and clinical me- 
chanical circulatory assistance, i.e., intraaortic balloon 
pumping, left ventricular assist devices, and pharmacologi- 
cal support of the failing circulation. Salary negotiable. 


Please respond to A-242, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic Cardiovascular Fellowship. Fellowships in car- 
diothoracic and peripheral vascular surgery available at 
Nassau Hospital, Mineola, Long Island, NY, as of July 1, 
1981. This 530-bed hospital has ultramodern cardiac surgi- 
cal facilities. Training includes a large variety of cardiac, 
thoracic, and peripheral vascular cases. Applicants should 
be Board certified or eligible in general surgery. 


Apply to Dr. M. Mohtashemi, Chief, Thoracic and Car- 
diovascular Department, Nassau Hospital, Mineola, Long 
Island, NY 11501. An Equal Oppértunity Employer M/F. 


Cardiothoracic surgical fellowship available beginning 
July 1, 1981, for one or two years. Emphasis on adult cardiac 


surgery. 


Please respond to Division of Cardiothoracic Surgery, De- 
partment of Surgery, Medical College of Pennsylvania, 3300 
Henry Ave, Philadelphia, PA 19129. 


Clinical postresidency available. Fellowship in cardiopul- 
monary surgery available. 


Contact Albert Starr, M.D., University of Oregon Health 
Sciences Center, 3181 SW Sam Jackson Park Rd, Portland, 
OR 97201. 


Busy university-affiliated thoracic surgical group in North- 
east seeks associate. All aspects of cardiothoracic surgery 
except open-heart surgery. Must be Board certified or eligi- 
ble. 


Please respond to A-247, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


General/vascular surgeon, Board eligible or Board certified 
in thoracic surgery, wanted. Twenty-nine physician mul- 
tispecialty group with four-physician general surgical de- 
partment actively recruiting additional physician. Currently 
one Board-certified thoracic surgeon, thr.e Board-certi- 
fied general and cardiovascular surgeons in department. 
Graduates with university-affiliated postgraduate training 
preferred. 


Qualified candidates may notify Administrator, Palm Beach 
Medical Group, 705 N Olive Ave, West Palm Beach, 
FL 33401. 


Thoracic and cardiovascular surgeon wanted to work with 
group of four cardiac surgeons in midwestern metropolitan 
area. Practice consists primarily of adult and pediatric car- 
diac surgery with approximately 500 cases a year. 


Submit CV to A-251, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular surgeon, Assistant to Chief of Cardiovas- 
cular Surgery. Full-time salaried position for Board-eligible 
or certified cardiovascular surgeon. Opportunity for clinical 
research. Midwest medical school-affiliated hospital. One 
year, renewable appointment. 


Please respond to A-252, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Prior to the Annual Meeting of the AATS 


CURRENT CONTROVERSIES 
AND TECHNIQUES IN 
CONGENITAL HEART SURGERY 


May 8 - 9, 1981 In Baltimore, Maryland 


Sponsored by: 
University of Maryland School of Medicine 


Divisions of Cardiovascular Surgery and Pediatric Cardiology 


American Heart Association, Maryland Affiliate 


BUS TRANSPORTATION WILL BE PROVIDED TO 
WASHINGTON, D.C. ON MAY 10, 1981. 


Thoracic vascular surgeon wanted to join practicing 
thoracic surgeon. Excellent opportunity for Board-certified 
or Board-eligible thoracic surgeon in growing community 
of west coast of Florida. Complete training in all aspects 
of thoracic and peripheral vascular surgery required. 


GUEST PARTICIPANTS: 

Robert Anderson, London, England 
Frederick Bowman, New York City, NY 
Gerald Brom, Leiden, Netherlands 
Alain Carpentier, Paris, France 

Gordon Danielson, Mayo Clinic, MN 
Bradley Harlan, Portland, OR 


Paul Ebert, San Francisco, CA 
Francis Fontan, Bordeaux, France 
James Malm, New York City, NY 
Albert Pacifico, Birmingham, AL 
Lucio Parezan, Bergamo, Italy 
Jaroslav Stark, London, England 
Please respond to A-248, The Annals of Thoracic Surgery, George Trusler, Toronto, Canada 
C-7079 University Hospital, Ann Arbor, MI 48109. 


For further information: 





Cardiac surgeon needed in busy cardiac surgery private 


practice in Southeast. University of Maryland 


School of Medicine 

10 South Pine Street 
Baltimore, Maryland 21201 
(301) 528-3956 


Submit curriculum vitae to A-249, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 





Sixteen years ago Bentley Laboratories 
designed and built 

the first hard-shell disposable 
oxygenator with an integral 

heat exchanger. 


In November 1980 we produced 
our one millionth 
disposable oxygenator. 


We wish to extend our appreciation 

to everyone who has 

supported our efforts through the years 
and made us the largest 

manufacturer of blood oxygenators 
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It's no secret William Harvey has a seal and bond is challenged. And 
reputation for reliability. Our PSST every one must hold. Because if they 
(Pressure Standard Screeninglest)isone ^ can't take the pressure, they don't 
of the reasons why. Every WILLIAM pass the PSST. 


HARVEY oxygenator under- The PSST: Your assurance of 
goes the PSST procedure an oxygenator that is built to 

to ensure the integrity of its exceed your demands. It’s one 
assembly. Our unique PSST more way we back up the 


Monitor automatically pres- WILLIAM WHARVEY William Harvey check-on-check 
surizes each oxygenator. Every symbol of reliability with facts. 





William Harvey, A Division of C.R. Bard, Inc., 1425 S. Village Way, Santa Ana, California 92705. 
(800) 854-3917. In California (714) 835-2422. 
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A new shape in cardiac pacing comes to life. 
Gamma Y 10 mm thin, 41 grams light. 
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Closed Operation for Mitral Stenosis 
J. Gordon Scannell, M.D. 


A 25-Year Experience with the Closed Method of Treatment 

in 139 Patients with Mitral Stenosis 

Tomas A. Salerno, M.D., Ian R. Neilson, M.Sc., Edward J. P. Charrette 
and R. Beverley Lynn, M.D. 


Acute Traumatic Disruption of the Thoracic Aorta: A Ten-Year Exper 
Cary W. Akins, M.D., Mortimer J. Buckley, M.D., Willard Daggett, M 
Joseph B. McIlduff, M.D., and W. Gerald Austen, M.D. 


Coronary Artery Bypass Operation in Septuagenarians 
B. Eugene Berry, M.D., Page W. Acree, M.D., David J. Davis, M.D., 
Carlton H. Sheely, II, M.D., and Steven Cavin, B.S., R.N. 


A Coded Study of Antitumor Immunity to Human Lung Cancer Assa 
by Tube Leukocyte Adherence Inhibition 

D. M. P. Thomson, M.D., Ph.D., R. O. Ayeni, M.D., J. K. MacFarlan: 
D. N. Tataryn, M.D., M. Terrin, M.D., D. Schraufnagel, M.D., J. Wilson 
and D. S. Mulder, M.D. 


Scalene Node Biopsy in Pulmonary Carcinoma: When Is It Indicated’ 
Michael H. Schatzlein, M.D., Suzanne McAuliffe, M.S., 
Mark B. Orringer, M.D., and Marvin M. Kirsh, M.D. 


Use of Circumferential Stapler in Reconstruction following Resection 
for Carcinoma of the Cardia 
J. Ernesto Molina, M.D., Ph.D., Ben R. Lawton, M.D., and David Avanc 


Changing Indications for Pacemakers in Children 
William H. Fleming, M.D., Lynne B. Sarafian, M.N., John D. Kugler, 
Philip J. Hofschire, M.D., and Edward B. Clark, M.D. 


Acute and Chronic Stimulation Thresholds 
of Intramyocardial Screw-in Pacemaker Electrodes 
David S. Starr, M.D., Gerald M. Lawrie, M.D., and George C. Morris, Jr 


St. Thomas Cardioplegia versus Topical Cooling: 

Ultrastructural and Biochemical Studies in Humans 

Willem Flameng, M.D., Marcel Borgers, Ph.D., Willem Daenen, M.D. 
Fred Thoné, Will A. Coumans, Ger J. Van der Vusse, Ph.D., 

and Georges Stalpaert, M.D. 


Systemic Effects of Multidose Hypothermic Potassium Cardioplegia 


Robert B. Mammana, M.D., Sidney Levitsky, M.D., Charles B. Beckmar 
Andre Vasu, M.D., and David Sernaque, M.D. 
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uring vein distention preparation tor coronary 
ypass, damage to the vasculamendothefium is 
ften caused by excessivelymigh pressure gener- 
ted in the vein without the surgeon's awareness. 
igh pressure can reduce long term patency of 

e vein. Now there is aconvenient device for per- 
orming vein distention and irrigation which limits 

e internal pressure in the vessel to a safe range, 
reventing further damage to the endothelium. 


he Bonchek-Shiley Vein Distention System 
eatures a unique pressure limiting balloon, irriga- 
ion cannula, stopcock, syringe and sterile vein 
torage tray. The pressure limiting balloon acts 

s a reservoir and gradually fills the vein ata 
mited pressure. After the balloon reservoir has 
een filled and the vein pressurized, the stopcock 
s placed in the closed position. This allows 

he surgeon to use both hands to close off side 
ranches and manipulate the vein while the irriga- 
ion fluid continues to pressurize the vein. 


he Bonchek-Shiley Vein Distention System is 
vailable with a balloon reservoir rated at a 
ominal pressure of 200 mm Hg (BSVD-200), 
00 mm Hg (BSVD-300), and 400 mm Hg 
BSVD-400). 


or further technical information contact your 
shiley Representative. 
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Shiley 


Shiley Inc. 

17600 Gillette Avenue 
Irvine, CA 92714 USA 
(714) 979-0500 

(800) 854-3683 

Cable: SHILEYINCIRIN 


Shiley-Howmedica 

350 Avenue Louise 

Boite 17 

B-1050 Bruxelles, Belgium 
Tel: (02649) 6137 

Telex: 26178 PMSEURDb 
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350 Cell-mediated Immunity Is Depressed following Cardiopulmonary Bypass 
Jack A. Roth, M.D., Sidney H. Golub, Ph.D., Ramon A. Cukingnan, M.D., 
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Long-term holding power... 





TI-CRON‘ silicone-treated polyester suture. 


TI-CRON gives you optimal passage through tissue. 


security in cardiovascular TI-CRON also handles easily. 
surgery...including prosthesis It does not stretch, and knots 
implantation. It offers you slide easily into place without 
exceptional strength and chatter. 

holding power, plus flexibility TI-CRON. The proven 

and softness. It is treated with suture with long-term holding 
physiologically inert medical. power for long-term security in 
grade silicone for smooth cardiovascular surgery. 
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Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacing are increasing as pacemakers 
become more sophisticated and as advanced methods for patient 
management become more widespread. Generally accepted indica- 
tions for long-term cardiac pacing include, but are not limited to: 
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sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, 
symptomatic second-degree or third-degree A-V block; (4) recur- 
rent Adams-Stokes syndrome; (5) bradycardia- tachycardia syn- 
drome; (6) symptomatic bilateral bundle branch block; and (7) 
hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting such symptoms as intractable, 
recurrent congestive heart failure; cerebral or renal insufficiency; 
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candidates for permanent cardiac pacing. 

The indications for permanent pacing in the presence of acut« 
myocardial infarction have not yet been rigorously defined. Fact 
to be considered include the location of the myocardial infarct, : 
presence or absence of symptoms, ventricular rate, the mechani: 
of the arrhythmias, and response to therapy. In general, sympto- 
matic drug-resistant bradyarrhythmias which impair cardiac out] 
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There are no known contraindications to the use of pacemakers 


as a medical method for control of heart rate. However, body rejec- 


tion phenomena such as local tissue reaction or skin necrosis, mus- 
cle and nerve stimulation, embolism, and cardiac tamponade have 
been reported. 


CAUTION: Federal (U.S. A.) law restricts this 
1 . " i. 4 a ee Pere © 


TIMELY HEART SURGERY, AND A CYBERLITH* 
PACEMAKER, RESTORED THE YOUTHFUL VIGOR OF 
THIS YOUNG VICTIM OF A CONGENITAL CARDIAC 
DEFECT. 


Jumping, running, playing, riding. ..all are normal, everyday pursuits 
of a typical pre-schooler. But Cedric Turgeon, at three, tired too easily, 
and ran out of breath too quickly. His symptoms became acute one day, 
and his parents rushed Cedric from his home in Tampa, Florida, to the 
hospital. 


Doctors performed a cardiac catheterization to reveal the extent of 
the youngster’s heart defects. Surgery was performed, at which time 
temporary cardiac pacing was required. Ten days later, a permanent 
pacemaker—a CyberLith—was implanted. 


Now 4% years old, Cedric is back to his old tricks, with one excep- 
tion: his energetic momentum is unabated. His friends find Cedric as 
competitive as the best of them. 


And Cedric needn’t suffer a routine of frequent trips to the hospital, 
because Cedric’s doctor monitors the pacemaker telephonically. 


If changes are required, Cedric’s physician can change pacing 
parameters noninvasively. 


Cedric’s CyberLith is just one model in the growing family of spe- 
cialized Intermedics CyberLith pacemakers. These thin, lightweight 
units permit noninvasive programming of stimulation rate, pulse 
width, sensitivity level and pacing mode. And CyberLith’s history of 
reliability is longer than any other multi-programmable pacemaker line. 


CyberLith put Cedric back in the saddle. It could be the pacemaker 
of choice for your patients. 


Location of some photos courtesy of The Dark Continent, Busch Gardens, Tampa, Florida. 


W Intermedics lnc. 


P.O. Box 617 

Freeport, TX 77541 
Tel: 713/233-8611 

Toll Free: 800/231-2330 
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Fibrinolytic bleeding — 
the most frequent bleeding 
problem following 
cardiopulmonary " 
bypass 4. P f. 








Amicar stopped 
fibrinolytic bleeding 
without more surgery 


Amicar controlled fibrinolytic bleeding 
in all 159 cases treated 


e Hyperfibrinolytic bleeding was the most frequent 
identifiable coagulation disorder in 774 patients following 
carciopulmonary bypass surgery, occurring in 159, or 20 
percent, of this group.* 

“All of these patients were successfully treated with 
AMICAR (aminocaproic acid) alone, or with AMICAR 
supplemented with cryoprecipitate or fresh-frozen plasma” * 


No thromboembolic complications 


e No increased incidence of blood coagulability or 
pulmonary embolism was observed.* 
"The absence of thromboembolic complications is in 
accord with the findings of other investigators: * 


Amicar dosage 


e lo control fibrinolytic bleeding following cardio- 
pulmonary bypass: 10Gm. IV by slow infusion over five 
minutes; then: 2Gm./HR for 5 hours. Continue as needed until 
fibrinolytic bleeding is controlled. 

*Lambert CJ, Marengo-Rowe AJ, Leveson JE, Green RH, et a/: The Treatment of Postperfusion 


Bleeding Using €-Aminocaproic Acid, Cryoprecipitate, Fresh-Frozen Plasma, and Protamine Sulfate 
Annals of Thoracic Surgery 28:440 (Nov) 1979. 





AMIC 


AMINOCAPROIC ACID 


Tablets—500 mg  Syrup— 250 mg/ml  Intravenous— 5 gm/20 ml 


CH | DERLE LABORATORIES 


A Division of American Cyanamid Co., Wayne, New Jersey 07470 


Please see following page for brief summary of prescribing information. 


© 1981 Lederle Laboratories 303-1 


CME Credit Program: 


The Management of 
Postperfusion Bleeding 
Following Cardiac Bypass 





A guide to methods by which excessive bleeding 
may be diagnosed and managed without additional 
surgery. (1 credit hour, Category |). 


Monograph with self-evaluation test. 
Film available for group showing. 


For additional information regarding this program, 
contact your Lederle representative or write: Lederle 
Laboratories, A Division of American Cyanamid 
Company, Wayne, New Jersey 07470. 


AMICAR' 


aminocaproic acid 


Indications: For the treatment of excessive bleeding resulting from 
systemic hyperfibrinolysis and urinary fibrinolysis. For associated 
conditions consult labeling. 

Contraindications: Active intravascular clotting. 

Warnings: Effects on fetal development have not been established. 
Do not use in women of child-bearing potential, particularly in early 
pregnancy, unless potential benefits outweigh possible hazards. 
Precautions: Do NOT administer without a definite diagnosis and/or 
laboratory findings of hyperfibrinolysis. Take particular caution in 
cardiac, hepatic or renal diseases. Endocardial hemorrhages and 
myocardial fat degeneration have been observed in animal studies, as 
well as rat teratogenicity and kidney concretions. Rapid intravenous 
administration may induce hypotension, bradycardia and/or 
arrhythmia. One fatal case of cardiac and hepatic lesions has been 
reported in man. A few cases of intravascular clotting following 
treatment have been reported, but this was most likely a result of the 
fibrinolytic disease being treated. Also, it is believed that the few 
reported cases of extravascular clotting could have occurred in the 
absence of treatment. 

Adverse Reactions: Occasional nausea, cramps, diarrhea, 
hypotension, dizziness, tinnitus, malaise, conjunctival suffusion, nasal 
stuffiness, headache, skin rash, rarely requiring reduction or 
discontinuance of dosage. As with all IV medication, guard against 
thrombophlebitis. 
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Not only the last word 


in medicine... 
but the first! 


THE LANCET 


For 157 years, The Lancet has been keeping 
medical professionals informed of the most 
notable and significant advances in medicine — 
as they happen. Today, articles reporting on 
new research and fast-paced development in 
biomedicine are published with dispatch— 
usually within four to eight weeks. 


The Lancet can be your *window on the world" 
of medicine—with original, innovative, and 
timely articles from all over the world. One of 
the most frequently quoted medical journals, 
The Lancet is comprehensive yet concise, inter- 
national in scope, challenging to the scientific 
mind, and willing to take an interest . . . and to 
take a stand. 


Subscribe today, so you won't miss another 
issue of The Lancet. Each week, The Lancet 
will give you access to the newest ideas, latest 
findings, and greatest breakthroughs in 
medicine. 


Clip and mail to: 
The Lancet 


Little, Brown and Company 
34 Beacon Street 
Boston, MA 02106 


Please enter my subscription to The Lancet. 

[.] 1 year (52 weeks) $55.00 

[ ] Resident, intern, student, nurse, technician: 
1 year (52 weeks) $46.50 
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EDITORIAL 


Closed Operation for Mitral Stenosis 


J. Gordon Scannell, M.D. 


The report by Salerno and associates on 25 
years of closed mitral commissurotomy (this 
issue, p 300) cannot fail to strike a nostalgic re- 
sponse. For the right patient it was an excellent 
operation, and, to this day, many who had a 
"closed mitral" 10, 20, or 25 years ago are doing 
well. They are the fortunate ones known, in our 
statistical age, as "anecdotal evidence." 

The present report on 139 patients undergo- 
ing closed mitral commissurotomy is most in- 
teresting and helptul. One point, however, is 
not entirely clear, namely, the time scale for the 
95 patients for whom no reoperation was re- 
quired. Our own experience, reported some 
years ago [1], suggests that the clinical result of 
an initially satisfactory closed operation dete- 
riorates at the rate of 5% per year after the ini- 


tial 5 years. The critical point is the definition of. 


what constitutes a satisfactory initial operation. 

Ten years ago, before coronary revascular- 
ization, myocardial support, and the dazzling 
repairs of enormously complicated defects oc- 
cupied center stage, closed versus open opera- 
tion for mitral stenosis could provoke a lively 
debate. Strong feelings (emotional responses) 
were expressed. Indications were defined and 
general principles invoked. If all else failed, 
the time-tested analogy of horse-and-buggy 
surgery in our jet-propelled age closed the ar- 


 gument. The children of light and direct vision 


prevailed. Relatively few now remember the 
extraordinary satisfaction of feeling a tight, flex- 
ible valve split to virtually normal in a closed 
beating heart. Closed mitral procedures remain 
on the books but are of limited application. 
There are many reasons for the decline of 
closed mitral operations. Clearly, the relative 
safety and availability of cardiopulmonary by- 
pass are important. Indeed, one can make a 
strong case that closed operations should be 
done only when cardiopulmonary bypass is 
available on a standby basis. Furthermore, it 
would appear that in the Western world at 
least, the number of patients with pure mitral 
stenosis has greaily diminished. Valvular cal- 
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cification, atrial thrombosis, great distortion of 
subvalvular structures, substantial mitral re- 
gurgitation, and associated valve disease lead 
to open operation and, often, valve replacement. 
Preoperative valve assessment has been much 
enhanced by the application of such precise 
diagnostic measures as echocardiography. No 
longer need the decision for closed versus open 
commissurotomy be deferred until operation. 

There is a practical consideration also. Me- 
dian sternotomy has become the accepted, 
standard approach to the heart. For all intracar- 
diac and many extracardiac procedures, this 
exposure provides the greatest flexibility in 
terms of options. Unfortunately for the "closed 
valvulotomist," the anterior approach simply 
does not permit a satisfactory closed maneuver. 
Hence, if pulmonary bypass must be used, 
there is little reason not to visualize the valve. 

The important thing is not to sacrifice a rea- 
sonable valve in favor of an unnecessary valve 
replacement. The track record of both closed 
and open mitral valvuloplasty for uncompli- 
cated mitral stenosis strongly supports this. 

It seems unlikely that there ever will be a 
widespread return to closed mitral operations 
although under appropriate circumstances the 
procedure still has a very real place. Also, we 
thoracic surgeons in the United States are told 
that in the parts of the world less fortunate than 
we in terms of equipment and ancillary care, 
closed procedures still have a major place in 
dealing with uncomplicated mitral stenosis. No 
one would advocate a nostalgic step backward 
to the days of the hurried closed operation 
when only the surgeon really knew what had 
been accomplished. On the other hand, it is 
worth remembering that a closed mitral opera- 
tion for the appropriate patient and for the ap- 
propriate valve had and has a specific place 
and should not be totally forgotten in these 
times of a rapidly advancing technology. 
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ORIGINAL ARTICLES 


A. 25-Year Experience with the Closed Method 
of Treatment in 139 Patients with Mitral Stenosis 


Tomas A. Salerno, M.D., Ian R. Neilson, M.Sc., Edward J. P. Charrette, M.D., 


and R. Beverley Lynn, M.D. 


ABSTRACT A 25-year experience with 139 patients 
undergoing closed mitral commissurotomy is re- 
viewed. The primary indication for closed mitral 
commissurotomy was mitral stenosis, but 24 patients 
also had other less important valvular defects. 
Preoperatively, all patients were in New York Heart 
Association (NYHA) Functional Class III or IV. Av- 
erage age was 46 years (range, 18 to 77 years). There 
were 24 men and 115 women. No further operation 
after initial closed mitral commissurotomy was re- 
quired in 6896 of the patients (95 patients), and 
NYHA Functional Classification was improved in 
9396. Postoperative complications occurred in 396, 
and operative mortality was 2.0%. Follow-up re- 
vealed restenosis in 696 of the patients, mitral regur- 
gitation in 14%, complications in 796, and late 
deaths in 3%. Reoperation, required in 32% (44 of 
139 patients), included a second closed mitral com- 
missurotomy (21 patients), open mitral commis- 
surotomy (3), mitral valve replacement (MVR) (18), 
and MVR after a second closed. mitral commis- 
surotomy (2). Improvement in NYHA classification 
was found in 82% of these patients. Operative mor- 
tality was 9.596 for patients having a second closed 
mitral commissurotomy and 2096.for those having 
MVR. 


Most cardiac surgeons have abandoned closed 
mitral commissurotomy because advances in 
cardiopulmonary bypass (CPB) techniques and 
cardioplegic myocardial protection have al- 
lowed for safer and more effective commis- 
surotomy by the open method [1-3]. This re- 
port presents a 25-year experience with 139 
consecutive patients who underwent closed 
mitral commissurotomy at one Canadian Uni- 
versity. 
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Material and Methods 

From 1955 through 1979, 139 patients (24 men 
and 115 women) underwent closed mitral com- 
missurotomy at Queen's University. Average 
age was 46 years (range, 18 to 77 years). Indica- 
tion for operation was primarily mitral stenosis, 
but 24 patients had other valvular defects also 
(Table 1). Preoperative New York Heart Associ- 
ation (NYHA) Functional Classification was as 
follows: Class III, 102 patients, and Class IV, 37 
patients. Preoperative left ventricular end- 
diastolic pressures demonstrated normal left 
ventricular function in the majority of these pa- 
tients (Table 2). Closed mitral commissurot- 
omy was performed through a left anterolateral 
thoracotomy using a transventricular Tubbs 
dilator and subsequently, finger assessment. 
Follow-up of all patients was conducted by car- 
diologists in the clinic or through family physi- 
cians. 


Results 

In 95 patients, no reoperation was required 
after initial closed mitral commissurotomy. In 
this group, there was 93% improvement in 
NYHA Functional Classification (Fig 1). Be- 
tween 1958 and 1970, a clot was found in the left 
atrial appendage of 10 (10.5%) of these patients 
intraoperatively. It was removed by flushing 
the atrial appendage prior to finger insertion. 
We subsequently abandoned the closed method 
when a clot was found in the atrial appendage. 
Prior to dilatation, mitral regurgitation was 
detected by finger assessment in 6% (6 pa- 
tients), while postoperatively, it became clini- 
cally apparent in 14% (13 patients). Postopera- 


` tive complications occurred in 3%: 1, stroke; 1, 


respiratory insufficiency requiring tracheos- 
tomy; and 1, femoral embolism. Operative mor- 
tality was 296: 1 died of cardiac arrest and 1 
of cerebral embolism. Follow-up revealed that 6 
patients (696) had mitral restenosis, 13 patients 


(14%) had mitral regurgitation, and 7 (796) had 
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Table 1. Indication for Closed Mitral Commissurotomy or Reoperation 


MS 


Procedure MS + MR 
CMC 80 7 
CMC/CMC 19 2 
CMC/OMC 2 0 
CMC/MVR 12 2 
CMC/CMC/MVR 2 0 

Total 115 11 


MS + VHD MS + MR + VHD 
5 3 
0 0- 
0 1 
1 3 
0 0 
6 7 


MS = mitral stenosis; MR = mitral regurgitation; VHD = valvular heart disease, i.e., aortic stenosis or insufficiency, 
and tricuspid insufficiency; CMC = closed mitral commissurotomy; OMC = open mitral commissurotomy; MVR = mitral 


valve replacement. 


Table 2. Preoperative Left Ventricular 
End-Diastolic Pressures 


Pressures (mm Hg) 


0-5 6-10 11-15 16-20 21-25 


Procedure 

CMC 17 70 7 0 1 

CMCICMC 3 17 i 0 0 

CMC/OMC 0 3 0 0 0 

CMC/MVR 1 12 2 3 0 

CMCICMCIMVR 1 1 0 0 0 
Total 22 103 10 3 1 


CMC = closed mitral commissurotomy; OMC = open mi- 
tral commissurotomy; MVR = mitral valve replacement. 


late complications: 2, stroke; 2, peripheral em- 
" bolizations; 1, heart block; 1, pulmonary em- 
bolism; and 1, congestive heart failure. The late 
mortality was 396 (3 patients). 

The remaining 44 patients in the study (32%) 
required reoperation—a second closed mi- 
tral commissurotomy, open mitral commis- 
surotomy, mitral valve replacement (MVR), or 
MVR subsequent to a second closed mitral 
commissurotomy. A second closed mitral com- 
missurotomy was performed in 21 of the 44 pa- 
tients between 2 and 20 years (mean, 11.2 years) 
after the initial operation. Improvement in 
NYHA Functional. Classification occurred in 
86% (18 patients) (Fig 2). Prior to dilatation, 
mitral regurgitation was detected in 3 patients 
(14%) while it was clinically apparent in 5 
(24%) of these 21 patients postoperatively. 
Postoperative complications occurred in 1 pa- 
tient (5%): bleeding from the left ventricle, with 


DEATHS 





Fig 1. Preoperative and postoperative New York Heart 
Association (NYHA) Functional Class and number of 
operative deaths among patients having closed mitral 
commissurotomy only. 


complete recovery. Operative mortality was 
9.596: the 2 patients died of cardiac arrest. 
Follow-up revealed that 1 patient (5%) had mi- 
tral restenosis, and 4 (1996) had mitral regurgi- 
tation. There were no late complications and no 
late deaths. 

An open mitral commissurotomy was per- 
formed in 3 patients between 3 and 13 years 
(mean, 6.3 years) after the initial operation. All 
had improvement in NYHA Functional Clas- 
sification (Fig 3). All were found to have re- 
stenosed mitral valves. Postoperatively there 
was no mitral regurgitation and only one com- 
plication, pulmonary embolism. There was no 
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DEATHS 


Fig 2. Preoperative and postoperative New York Heart 
Association (NYHA) Functional Class and number of 
operative deaths among patients having closed mitral 
commissurotomy with repeat closed mitral commis- 


surotomy. 


DEATHS 


Fig 3. Preoperative and postoperative New York Heart 
Association (NYHA) Functional Class and number of 
operative deaths among patients having closed mitral 
commissurotomy with subsequent open mitral commis- 


surotomy. 





Class Pre- op Post -op 





Fig 4. Preoperative and postoperative New York Heart 
Association (NYHA) Functional Class and number of 
operative deaths among patients having closed mitral 
commissurotomy with subsequent mitral valve replace- 
ment. 


operative mortality. Follow-up revealed that 1 
patient had experienced a stroke. There was no 
late mortality. 

An MVR was required in 18 patients between 
1 and 14 years (mean, 6.7 years) after initial 
closed mitral commissurotomy. There was im- 
provement in NYHA Functional Classification 
in 72% (13 patients) (Fig 4). Operative findings 


included one left atrial appendage clot, one in- - 


stance of mitral restenosis, and sixteen grossly 
insufficient mitral valves. Postoperative com- 
plications occurred in 6 patients (33%): 1, 
stroke; 1, cardiac failure requiring intraaortic 
balloon support; 2, respiratory insufficiency 
requiring tracheostomy; and 2, disseminated 
intravascular coagulopathv. Operative mortal- 
ity was 2296: 1 died of cardiac arrest, 1 of mi- 
tral thrombus, and 2 of myocardial failure. 
Follow-up revealed no complications and no 
late mortality. 

An MVR after a second closed mitral commis- 
surotomy was required in 2 patients between 6 
and 8 years after initial operation. Both had im- 
provement in NYHA Classification (Fig 5). 
Operative findings indicated grossly insuffi- 
cient mitral valves. There were no postopera- 
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DEATHS 


Fig 5. Preoperative and postoperative New York Heart 
Association (NYH.A) Functional Class and number of 
operative deaths among patients having closed mitral 
commissurotomy with repeat closed mitral commis- 
surotomy followed by mitral valve replacement. 


tive complications and no mortality. Follow-up 
revealed no complications and no late deaths. 
The overall results for all the groups are sum- 
marized in Table 3. 


Comment 

In most cardiac centers, the open method of 
mitral valvotomy has become the favored tech- 
nique for the treatment of mitral stenosis for 
several reasons. First, advances in CPB and car- 
dioplegic myocardial preservation have allowed 
acceptable operative mortality in the range of 
196 [1-4]. Second, there is decreased risk of 


embolization from left atrial thrombi or calcium 
deposits on the diseased mitral valve [1, 3]. 
Third, visualization of the valve in a bloodless 
field allows precise assessment and separation 
of the commissures and repair of subvalvular 
disease processes [1, 3, 5]. Fourth, perhaps, is 
the difficulty in teaching the closed method to 
training surgeons [5, 6]. 

However, the disadvantages of open mitral 
commissurotomy should be remembered as 
well. For instance, CPB itself carries risks, has a 
high cost, and can lead to postsurgical neuro- 
logical or psychometric deficits [5]. Also, there 
is often residual or induced mitral regurgita- 
tion, which may later require MVR. An even 
greater consideration is the tendency toward 
performing MVR instead of open mitral com- 
missurotomy when the diseased mitral valve is 
visualized. For example, Montoya and associ- 
ates [3] found auscultatory evidence of mitral 


regurgitation in one-third of more than 100 pa- 


tients undergoing open mitral commissurot- 
omy, and 2% required subsequent MVR. They 


also replaced the mitral valve in 28% of pa- 


tients in whom an open commissurotomy was 
planned. Others report that 4496 of patients un- 
dergoing open mitral commissurotomy have 
the mitral valve replaced [4], versus 896 of pa- 
tients undergoing closed mitral commissur- 
otomy [7]. l 

It should be appreciated that closed mitral 
commissurotomy is a simple procedure with an 
acceptable operative mortality [5, 7—10]. The as- 
sessment of the mobility and competence of the 
valve is more accurate in the functioning heart 
(closed commissurotomy) than in the arrested 


Table 3. Summary of Results, Complications, and Mortality of Mitral Valve Operations 


NYHA Class Postop Operative Late Late 
No. of Improvement Complications Mortality | Complications Mortality 

Procedure Patients — (96) (96) (96) (96) (96) 
CMC 95 93 3 2 7 3 
CMC/CMC 21 86 5 9.5 0 0 
CMCIOMC 3 100 33 0 33 0 
CMC/MVR 18 72 33 22 0 0 
CMC/CMC/MVR 2 100 0 0 0 0 


NYHA = New York Heart Association; CMC = closed mitral commissurotomy; OMC = open mitral commissurotomy; 


MVR = mitral valve replacement. 


304 The Annals of Thoracic Surgery Vol 31 No 4 April 1981 


heart (open commissurotomy), as previously 
reported [5]. Also, residual or induced mitral 
regurgitation is immediately determined by the 
closed method. It is important to stress that 
closed mitral commissurotomy provides long- 
term relief from mitral stenosis [8-11]. In fact, 
due to the slow natural history of mitral 
stenosis, if reoperation is required due to re- 
stenosis, it is usually after about 10 years [10, 
12], as also shown by our results. 

The disadvantages of closed mitral commis- 
surotomy are real and must be appreciated. 
They include induced mitral regurgitation, ar- 
rhythmias, tears of the left ventricle or atrium or 
both, interference with papillary muscle, and 
systemic embolization. For instance, in the first 
15 years of our experience, left atrial thrombi 
were simply flushed prior to finger insertion 
into the atrium. Since 1970, we have abandoned 
use of the closed method in such patients and 
do an open mitral commissurotomy. Thus, it is 
important to determine the presence of left 
atrial thrombi or calcification in the mitral valve 
by preoperative history, angiography, and 
echocardiography. Techniques for CPB should 
also be readily available during closed mitral 
commissurotomy. 

As others have pointed out [6, 13], the ques- 
tion should not be whether to perform an open 
or closed procedure, but rather when should 
the procedure be performed. Pleas have been 
made for earlier commissurotomy [6, 13] to 
lessen the risk of systemic embolization. As 
well, we suggest that mitral commissurotomy 
(whether by the closed or open method) should 
be performed despite the associated presence of 
less important valvular disease, such as aortic 
stenosis or insufficiency or mild mitral regur- 
gitation. Also, we have shown that if restenosis 
occurs, it can be successfully repaired, with 
improvement in NYHA Functional Classifica- 
tion by a second operation, including a second 
closed mitral commissurotomy, without addi- 
tional problems. 

In conclusion, it is difficult to compare the 


long-term results of the open and the closed 
methods of mitral valvotomy, without con- 
trolled randomized trials, because of the differ- 
ences in patient selection and because of the 
different eras of cardiac surgery that the litera- 
ture represents. However, in capable hands, 
closed mitral commissurotomy appears to be an 
effective and simple method of palliative treat- 
ment for mitral stenosis. 
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Acute Traumatic Disruption 


of the Thoracic Aorta: A Ten-Year Experience 


Cary W. Akins, M.D., Mortimer J. Buckley, M.D., Willard Daggett, M.D., 
Joseph B. McIlduff, M.D., and W. Gerald Austen, M.D. 


ABSTRACT During a ten-year period, 44 patients 
were treated for acute traumatic disruption of the 
thoracic aorta. Of the 44 patients, 21 had operative 
repair within 48 hours of injury (Group 1); 14 pa- 
tients had operative therapy electively delayed for 2 
to 79 days (Group 2); 5 had operative therapy elec- 
tively delayed indefinitely (Group 3); 2 had immedi- 
ate operative repair when a delayed diagnosis was 
made at 21 and 56 days, respectively (Group 4); 1 pa- 
tient died during angiography and 1 refused opera- 
tion (Group 5). Mortality was as follows: Group 1, 

24%; Group 2, 14%; Group 3, 0; Group 4, 100%; and 
Group 5, 10096. All operative deaths occurred in the 
subgroup of 23 patients in whom left heart bypass 
was utilized. 

Immediate operative intervention with a hepa- 
rinized shunt is preferable as soon as the diagnosis 
of thoracic aortic disruption has been established, 
but elective delay of operation in patients with 
severe concomitant injuries can be achieved safely 
with beta blockade and antihypertensive therapy. 


The lethal potential of disruption of the thora- 
cic aorta secondary to nonpenetrating trauma 
has been well delineated by Parmley and co- 
workers [1]. Though the injury is usually 
rapidly fatal, 10 to 1596 of persons will live to 
reach medical therapy. Since the reported suc- 
cessful repair of an acute traumatic thoracic 
aortic disruption by Klassen in 1958 [2], urgent 
operative intervention has become the accepted 
treatment for this lesion [2-10]. Despite near 
unanimity on the indication for immediate op- 
eration, the best technique to protect the distal 
circulation remains controversial [3, 6, 10—14]. 
This report documents a ten-year experience 
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in the management of patients with acute 
traumatic disruption of the thoracic aorta. Par- 
ticular emphasis is placed on the efficacy of 
elective delay of surgical intervention in 
selected patients and the improvement in re- 
sults with the avoidance of systemic heparini- 
zation and left heart bypass. 


Material and Methods 

From January 1, 1970, to December 31, 1979, 44 
patients were treated at the Massachusetts 
General Hospital for proved acute injury to the 
thoracic aorta secondary to nonpenetrating 
trauma. The criteria for definition of an acute 
injury are those reported by Bennett and Cherry 
[4]. There were 32 male and 12 female patients. 
They ranged from 14 to 68 years old (mean, 33 
years). Thirty-one of the 44 patients were in- 
volved in automobile accidents, 6 were pedes- 
trians struck by automobiles, 5 were riding 
motorcycles, and 2 were injured in falls. 

Associated injuries were frequent. Twenty- 
seven patients had fractures of the extremities 
or pelvis or both. Twenty-three patients had as- 
sociated rib fractures, 3 of whom had true flail 
chests and 1, a fractured sternum. Eighteen pa- 
tients sustained major trauma to the central 
nervous system; 7 had ruptured spleens; 3 had 
extensive body-surface burns; 2 had dia- 
phragmatic tears; and 1 each had a tracheal tear, 
a right carotid artery occlusion, a left femoral 
artery occlusion, a disrupted kidney, and a col- 
onic disruption. 

The initial roentgenograms of 42 of the 44 pa- 
tients showed widening of the mediastinum. In 
2 patients, mediastinal widening did not ap- 
pear until several weeks after the injury. Rib 
fractures were seen in 23 patients. Nine. ‘pa- 
tients had evidence of left pleural effusion 3, | 
had subcutaneous emphysema, arid~2 Jada ab^ 
dominal viscera in the left chest. es E 


Forty-two of the 44 patients u derwenkzaor- 
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scending thoracic aorta was seen in 42 patients, 
in the aortic arch in 1 patient, and just above 
the aortic valve in 1 patient. One patient had 
multiple tears from just proximal to the left sub- 
clavian artery to the second pair of intercostal 
arteries. 

The patients were separated into five groups. 
Group 1 consisted of 21 patients who had 
operative repair within 48 hours of injury and 
diagnosis; Group 2, 14 patients who had 
operative therapy electively delayed for 2 to 79 
days (mean, 33 days); Group 3, 5 patients who 
had operative therapy electively delayed in- 
definitely; Group 4, 2 patients who had imme- 
diate operative repair at the time of delayed 
diagnosis at 21 and 56 days, respectively; and 
Group 5, 2 patients. Of these last 2 patients, 1 
died during angiography and 1 refused opera- 
tion. There were several indications for elective 
delay of operative therapy in Groups 2 and 3: 
severe head injury in 12 patients who could 
potentially recover; extensive extremity or pel- 
vic fractures or both in 9 patients; extensive 
body-surface burns in 3; severe respiratory in- 
sufficiency with pulmonary contusion in 2; and 
ruptured colon with abdominal contamination 
in 1 patient. 

For the 19 patients who had elective delay of 
operative intervention, pharmacological ther- 
apy with various combinations of propranolol, 
alpha-methyldopa, trimethaphan, nitroprus- 
side, hydralazine, and hydrochlorothiazide was 
instituted in an intensive care setting to keep 
the systolic blood pressure between 100 and 120 
mm Hg. This therapy was continued for 2 to 79 
days in 14 patients and indefinitely in 5. 

Several methods were used for preservation 
of the circulation distal to the aortic disruption 
for the 37 patients who came to operation. A 
modified form of left heart bypass utilizing ve- 
nous return from the left femoral vein and the 
left atrium with pump return to the left femoral 
artery was utilized in 23 patients. A triclo- 
decylmethylammonium chloride (TDMAC)- 
heparin shunt from the ascending aorta to the 
descending aorta or left femoral artery was used 
in 12 patients. One patient had standard car- 
diopulmonary bypass for an ascending aortic 
tear, and 1 patient with a descending aortic tear 
was operated on with no means of protection. 


Interposition of a preclotted segment of woven 
Dacron graft was used in 33 patients. In 3 pa- 
tients with tears of the descending aorta, a pri- 
mary repair was accomplished without graft- 
ing. In the 1 patient with a tear in the ascending 
aorta, primary closure was achieved. 


Results 


The overall hospital survival was 75% (33 


patients) (Table 1). Of the 21 patients in 
Group 1 operated on within 48 hours of injury, 
16 (7696) survived. Of the 14 patients in Group 
2 who had surgical therapy electively delayed 
for healing or stabilization of concomitant in- 
juries, 12 (8696) survived. All 5 patients in 
Group 3 who had operation deferred indefi- 
nitely because of extensive concomitant injuries 
and who were treated solely with medical ther- 
apy survived hospitalization. Both patients in 
Group 4 who had immediate operative repair at 
the time of delayed diagnosis died. Neither the 
patient who refused operation nor the patient 
whose heart arrested during aortography sur- 
vived (Group 5). 

Long-term follow-up has been obtained on 
the 5 patients who had operative therapy de- 
ferred indefinitely. The follow-up ranges from 
41 to 69 months (mean, 51 months). One of 
the patients for whom operation was deferred 
because of extensive cerebral contusions has 
undergone two ventriculoatrial shunts for trau- 
matic hydrocephalis and remains institution- 
alized with very compromised cerebral func- 


Table 1. Mortality from Repair of Acute Thoracic 
Aortic Trauma in Relation to the Staging of Repair 








Patient No. of No. of 

. Groups? Patients Deaths 
Group 1 21 5 (2496) 
Group 2 14 2 (1496) 
Group 3 5 0 (0) 
Group 4 2 2 (10096) 
Group 5 Zz 2 (100%) 

Total 44 11 (25%) 


?Group 1: operation < 48 hours after injury; Group 2: oper- 
ation electively delayed for > 48 hours; Group 3: operation 
electively delayed indefinitely; Group 4: immediate opera- 
tion at time of delayed diagnosis; Group 5: operation re- 
fused or arrest occurred during angiography. 
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Table 2. Mortality from Repair of Acute 
Thoracic Aortic Trauma in Relation to the 
Method of Preservation of the Circulation 
Distal to Aortic Injury 


No. of No. of 
Method Patients  . Deaths 
Modified left heart bypass 23 9 (39%) 
TDMAC-heparin shunt 12 0 (0) 
Standard cardiopulmonary 1 0 (0) 

bvpass 
No protection 1 0 (0) 
Total 37 9 (24%) 


TDMAC-heparin shunt 


tions. The other patient deferred because of 
central nervous system trauma was finally dis- 
charged from a chronic care hospital almost four 
years after his injury, still with major limi- 
tations. Two older patients whose operations 
were deferred because of severe respiratory in- 
sufficiency related to concomitant pulmonary 
injuries were both subsequently discharged 
from chronic care facilities and are now leading 
active lives with no evidence of substantial 
thoracic aortic aneurysm on repeat chest roent- 
genograms. The fifth patient whose operation 
was deferred because of extensive burns is 
continuing to undergo corrective plastic sur- 
gery, now five years after injury, and has no 
evidence of a thoracic aortic aneurysm on chest 
roentgenogram. 

. The results of operation in relation to the type 
of preservation used for the distal circulation 
are shown in Table 2. All 9 operative deaths oc- 
curred in the subgroup of 23 patients for whom 
modified left heart bypass was used. There 
were no deaths when the TDMAC-heparin 
shunt or standard cardiopulmonary bypass was 
used or when no protection was employed. 

Ot the 9 operative deaths, 4 patients died in 
the operating room. In 1 patient, the false aneu- 
rysm ruptured in the emergency ward; the pa- 
tient experienced cardiac arrest and could not 
be resuscitated in the operating room. One pa- 
tient had rupture of the false aneurysm at the 
induction of anesthesia. A third patient had a 
tracheal tear and disruption of the left pulmo- 
nary hilum requiring pneumonectomy in addi- 
tion to repair of the disrupted aorta. She died of 


Aorta 


loss of lung function secondary to hemorrhage 
into the contralateral lung. The fourth patient 
underwent immediate operative repair at the 
time of diagnosis eight weeks following injury, 
at which time she had extensive bacterial 
pneumonia and empyema. Attempts at repair 
in the face of widespread mediastinal sepsis 
were unsuccessful. 

Five patients died after operation. Two of 
them, a 68-year-old man who was hit by a car 
and a 62-year-old man who fell from a ladder, 
died postoperatively at 7 days and 52 days, 
respectively, of pulmonary failure and acute 
tubular necrosis. A 20-year-old woman who 
was hit by a car and whose operation was de- 
layed for 4 days for stabilization of head trauma 
and pelvic fractures, died 19 days following op- 
eration secondary to an injury-induced cerebral 
vascular accident, disseminated intravascular 
coagulation secondary to gram-negative pneu- 
monia, and renal cortical necrosis. A 21-year- 
old man had his operation delayed for 7 days 
because of abdominal contamination from co- 
lonic rupture. Severe pneumonia developed 
after operation and resulted in a septic false 
aneurysm of the proximal anastomosis, which 
required repair 10 days following the initial op- 
eration. Three months later, sepsis of the graft 
again developed. It was resected, with the aorta 
bypassed in the opposite chest. He died of 
rupture of a septic false aneurysm of the prox- 
imal aortic suture line 4 days following the third 
operation and 4 months after the injury. The 
final death occurred in an 18-year-old woman 
who initially survived emergency aortic graft- 
ing three weeks after injury at the time of de- 
layed diagnosis. She died a month postopera- 
tively secondary to mediastinal sepsis from a 
tracheoesophageal fistula leading to a false an- 
eurysm of the aortic repair which ruptured 
suddenly. 

Important postoperative complications in the 
28 survivors of surgical therapy included vocal 
cord paresis in 4 patients, reexploration for 
bleeding in 3, postoperative hypertension in 3, 
severe respiratory insufficiency requiring 
short-term tracheostomy in 2, lung abscess in 1 
patient, and partial paraplegia in 1 in whom 
only a 7 mm TDMAC-heparin shunt could be 
placed into the left femoral artery. 
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Comment 

With the definition of the extreme lethal poten- 
tial of traumatic disruption of the thoracic aorta 
by Parmley and associates [1] and with the cur- 
rent surgical techniques to repair this injury suc- 
cessfully has come the almost totally accepted 
teaching in thoracic surgery that this lesion 
constitutes an indication for immediate opera- 
tive intervention [3, 6 10-14]. Though Plume 
and DeWeese [7] suggested certain situations in 
which initial medical management can be ap- 
propriate, there are no reports of this therapeu- 
tic approach. 

During the early years of the 1970s when re- 
pair of this lesion utilizing left heart bypass 
continued to be the most acceptable surgical 
technique, we saw several patients whose mas- 
sive associated injuries made the decision for 
systemic heparinization difficult. This was 
particularly true for those patients with severe 
head trauma or pelvic fractures with extensive 
retroperitoneal hemorrhage. With a consider- 
able experience in the management of dissect- 
ing aneurysms of the thoracic aorta [15] and 
utilizing the accepted techniques of medical 
management [16, 17], we chose to treat these 
patients aggressively with antihypertensive 
therapy to lower blood pressure and beta block- 
ade to decrease the cardiac impulse, thus al- 
lowing stabilization of their other injuries. This 
therapy was carried out in an intensive care 
setting with constant monitoring of arterial 
blood pressure and serial chest roentgenograms 
to identify any change in the size of the me- 
diastinal hematoma or the appearance of fluid 
in the left chest. In none of the 19 patients for 
whom operation was electively delayed for 
more than 48 hours was there any hemody- 
namic deterioration that required urgent sur- 
gical intervention. The period of elective delay 
ranged from 2 to 79 days in 14 patients who 
eventually came to elective repair of the thoracic 
aortic lesion. Five patients had concomitant 
injuries with such severe sequelae that opera- 
tive intervention was delayed indefinitely. 

It should be emphasized that the principal 
reason for elective delay in the early 1970s was 
the fear of the effects of systemic heparinization 
on other injuries. With our current preference 
for the use of the TDMAC-heparin shunt, the 


risk of extensive bleeding with heparinization 
has been eliminated. Our present indications 
for elective delay include evaluation and 
stabilization of extensive central nervous sys- 
tem trauma, extensive body-surface burns that 
have a high risk of infection, large, contami- 
nated open wounds that have a high risk of 
infection, established sepsis, and severe respi- 
ratory insufficiency. 

Our predilection for the use of the TDMAC- 
heparin shunt, similar to that of others [6, 11, 
13, 14] had led to greater confidence that early 
operation can be performed with less attendant 
morbidity. Thus, while 11 of the 23 patients op- 
erated on for acute injury with left heart bypass 
had their operation electively delayed, only 2 of 
the 12 patients in whom the shunt was utilized 
had elective delay of surgical therapy. We are 
confident that though immediate operative 
intervention for repair of traumatic disruption 
of the thoracic aorta is preferable as soon as the 
diagnosis has been established, elective delay 
of surgical therapy in those patients who are at 
higher risk because of severe concomitant in- 
juries can be safely achieved. 

Our mortality data continue to support the 
current trend away from left heart bypass as the 
best technique for preservation of the circula- 
tion distal to the aortic injuries. Despite the re- 
ports of others about the safety of aortic opera- 
tion without shunts [3, 12], we continue to 
prefer the use of a heparinized shunt to protect 
the distal circulation. Reliance on the ability of 
all thoracic surgeons to expeditiously repair all 
types of thoracic aortic injuries seems probably 
to be unfounded and, in a teaching institution, 
places unnecessary stress on young surgeons in 
training. The extreme severity of the potential 
complications of prolonged distal ischemia pre- 
cludes, in our judgment, reliance on technical 
facility to achieve a short cross-clamp time in all 
patients. 

We include in our list of indications for 
operative delay those injuries with which sep- 
sis is associated because of our preference for 
inserting graft material in the thoracic aorta, as 
exemplified by its use in 33 of the 37 patients 
who came to operation. We think that it is safe 
to take the time to control the sites of sepsis 
while treating the patient aggressively with 


« 
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antihypertensive therapy until elective opera- 
tive repair can be done in a sterile setting. 
Though we believe that immediate operation 
is not necessary for all patients with traumatic 
disruption of the aorta, prompt diagnosis is 
mandatory so that appropriate therapy can be 
instituted. We currently treat all patients with 
suspected thoracic aortic trauma with an- 
tihypertensive therapy and beta blockade if 
they are hemodynamically stable, until the 
diagnosis can be established by urgent aortog- 
raphy. We agree with other observers [1, 7, 18] 
that aortography is necessary not only to estab- 
lish the diagnosis but also to determine the 
number, location, and extent of aortic injuries. 
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Coronary Artery 


Bypass Operation in Septuagenarians 


B. Eugene Berry, M.D., Page W. Acree, M.D., 
David J. Davis, M.D., Carlton H. Sheely, II, M.D., 


and Steven Cavin, B.S., R.N. 


ABSTRACT Increasing numbers of patients more 
than 70 years old are at risk from coronary artery dis- 
ease. The continued success of coronary artery 
bypass operation in selected patients provides im- 
petus for applying this procedure to older patients as 
well. Our results indicate coronary artery operation 
is effective in older patients and has a low mortality 
(3% in our series). In patients in this age group, 
coronary artery operation can be combined with 
other procedures, when indicated, such as cardiac 
valve replacement or repair, left ventricular aneu- 
rysmectomy, carotid endarterectomy, and cholecys- 
tectomy. 


With the increasing application of coronary ar- 
tery operations and an expanding population 
more than 70 years old, the advisability of rec- 
ommending operation for coronary artery dis- 
ease in older patients becomes an important 
concern. Continued improvement in cardiac 
surgery in general and, specifically, as applied 
to patients older than 65 years is being reported 
[1-7]. We believe our results further reflect this 
trend and enable the physician to better advise 
this group of patients. 


Material and Methods 

From 1975 to 1979, 65 patients more than 70 
years of age underwent saphenous vein aor- 
tocoronary bypass grafting at the Baton Rouge 
General Hospital. The patients ranged from 70 
to 78 years old, with a median age of 72.4 years. 
Sixty-one (9496) had angina pectoris. Most pa- 
tients were classified in New York Heart Asso- 
ciation (NYHA) Functional Class III. All pa- 
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tients were given preoperative cardiological 
evaluation, including selective coronary ar- 
teriography and left heart catheterization. Dia- 
betes was the most common coexisting condi- 
tion, although a variety of other problems was 
encountered. Other conditions present included 
the following: diabetes mellitus, 6 patients; 
valve disease, 4; carotid disease, 3; chronic lung 
disease, 3; left ventricular aneurysm, 2; pace- 
maker, 2; ventricular arrhythmia, 2; choleli- 
thiasis, 1 patient; Charcot-Marie-Tooth disease, 
1; and temporal arteritis, 1. 

Operation was done with total cardiopulmo- 
nary bypass. Early in the series, intermittent 
aortic cross-clamping with moderate hypo- 
thermia (30°C) was used. Since early 1976, cold 
cardioplegia has been used and has resulted in 
notable improvement in myocardial preserva- 
tion. Total aortic cross-clamp time averaged 49 
minutes, with total bypass time averaging 92 
minutes. 

An average of 3.4 coronary arteries was 
bypassed per patient. Four patients had simul- 
taneous cardiac valve operation. There were 
three valve replacements (two aortic valve and 
one mitral valve) and one mitral valve repair. 
Also concomitant with coronary artery bypass 
were carotid endarterectomy (3 patients), left 
ventricular aneurysm repair (2), cholecystec- 
tomy (1), and insertion of an epicardial pace- 
maker (1). 

Postoperatively, patients were observed in 
the intensive care unit for at least two days. 
Subsequent progressive activity was then 
supervised in a cardiac unit, facilitated by te- 
lemetry monitoring. 


Results 

Early Results 

Two patients (396) died within thirty days after 
operation. One sustained a perioperative in- 
farction and died when intraaortic balloon sup- 
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Tabie 1. Hospital Complications 


No. of 

Complication Patients 
Atrial arrhythmia 13 
Mental confusion 11 
Low cardiac output 6 

Inotropic agent 3 

Inotropic agent + IABP 3 
Postoperative bleeding 5 
Perioperative infarct 3 
Respiratory failure 2 
Cerebrovascular accident 2 
Wound infection 7 


IABP = intraaortic balloon pump. 


port was unsuccessful due to advanced bilateral 
iliac arteriosclerotic occlusive disease. The sec- 
ond died of low cardiac output despite the use 
of inotropic agents and intraaortic balloon sup- 
port. No graft occlusion or acute myocardial 
infarction was present at postmortem examina- 
tion. 

Cardiac arrhythmias (2096) and mental con- 
fusion (1796) were by far the most common 
nonfatal complications (Table 1). The possible 
risk of.cerebral injury concerned us; however, 
findings compatible with cerebrovascular acci- 
dents were noted in only 2 patients. Postopera- 
tive low cardiac output was seen in 6 patients 
and was associated with both early deaths. 
Inotropic support alone was necessary in 3 
patients whereas the intraaortic balloon pump 
also was required in 3 others. Five patients 
were surgically reexplored for excessive post- 
operative bleeding. Average hospitalization 
time was fourteen postoperative days. 


Late Results 

All 63 long-term survivors have been followed 
up for a median of 16 months postoperatively. 
The longest follow-up time has been 52 months. 
By NYHA classification, all patients have im- 
proved at least one Functional Class, and most 
are in Class I (Figure). One patient required 
reoperation for recurrent angina, and 2 others 
have had occasional angina that is medically 
controlled. Three patients sustained a nonfatal 
myocardial infarction within the first year post- 
operatively. Their conditions continue to be 


Preoperative Patients 


N. Y.H. A. CLASS 





O IO 20 30 40 50 
Number of Patients 


N.Y.H.A. | 
Class Codes: I] "EA "iw 
* Two patients died within 30 days of operation. 


New York Heart Association (N.Y.H.A.) Functional 
Class before end after saphenous vein aortocoronary 


bypass grafting. 


Table 2. Late Complications 


No. of 

Complication Patients 
Recurrent angina 3 

Drug controlled 

Reoperation 1 
Myocardial infarction 3 
Pacemaker inserted 2 
Refractory atrial fibrillation 1 
Congestive heart failure 1 
Syncope 1 
Cardiac tamponade 1 
Cerebrovascular accident T 
Cholecystitis r 


aThis patient died late. 


managed medically. Four patients died, for a 
late mortality of 6%. One patient died 2 months 
postoperatively of a massive cerebrovascular 
accident. A second died of a complication of 
acute cholecystitis four years postoperatively. 
Two others died of unknown causes. Other late 
problems are depicted in Table 2. 
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Comment 

The fact that both men and women at age 70 
years have an additional life expectancy of more 
than ten years supports the need for vigorous 
treatment of coronary artery disease in these 
patents. The application of coronary artery op- 
erations in patients over 70 years old has re- 
sulted from two general trends: (1) increasing 
longevity, with more patients older than 70 
years and often in satisfactory health except for 
coronary artery disease, and (2) decreasing 
operative mortality and encouraging long-term 
results in coronary artery operations. Operative 
mortality has been reduced by several factors, 
all unrelated to the age of the patient. In 1972, 
Oldham and co-workers [8] noted the value of 
complete revascularization. Subsequent im- 
provements in myocardial preservation have 
lowered both the morbidity and mortality. We 
believe that cold cardioplegic arrest with potas- 
sium chloride is the best modality currently 
available. Technical advances in the field of coro- 
nary artery surgery over the past ten years also 
improve the predictability of a successful out- 
come. Preoperatively, good catheterization data 
and angiography are essential for making cor- 
rect assessments and surgical decisions. The 
use of propranolol up to the time of operation 
seems clearly to have reduced perioperative 
injury, especially that occurring before car- 
diopulmonary bypass is begun. 

In assessing elderly patients for operation, 
we rely on the same features of coronary artery 
disease as those in their younger counterparts. 
We most frequently recommend operation in 
those patients with persistent angina pectoris 
despite adequate medical management. A 
smaller group has dangerous anatomical pat- 
terns, e.g., left main or left main equivalent, 
or triple-vessel coronary artery disease. These 
conditions have been shown [9] to be associ- 
ated with a significant risk when treated medi- 
cally as opposed to surgically. A few patients 
will require coronary artery bypass in conjunc- 
tion with cardiac valve operation. 

We concur with Gann and associates [3] that 
consideration of the physiological age also is 
helpful in making a final decision regarding op- 
eration in these patients. Factors to consider in- 
clude (1) activity of the patient before the onset 
of limiting symptoms, (2) motivation and desire 


for improved life-style, (3) mental status, and 
(4) the presence of other major disease. 

Features in the operative and postoperative 
management believed to be unique for this age 
group were limited. Technical difficulties and 
postoperative complications were similar to 
those of younger patients. The state of the coro- 
nary arteries imposed no added technical bur- 
den. Arteriosclerotic disease in the ascending 
aorta was advanced in several patients. In none, 
however, was operation impossible. Two pa- 
tients required anastomosis of the proximal 
vein graft segments to the innominate artery. 
Followed up for one and three years, neither 
has had subsequent coronary symptoms. 
Iliofemoral occlusive disease precluding trans- 
femoral insertion of the intraaortic balloon was 
circumvented by insertion of the balloon 
through the ascending aorta in 1 patient while 
still in the operating room. The second patient 
needing intraaortic balloon support postopera- 
tively died of low cardiac output when ino- 
tropic agents alone were insufficient and the 
balloon could not be passed up either femoral 
artery. 

The implications of associated carotid artery 
disease present the greatest challenge. The 
exact management of this area remains unclear. 
Careful attention to a history of symptoms of 
cerebrovascular insufficiency and the presence 
of carotid bruits is fundamental. Both of our 
patients sustaining cerebrovascular accidents 
postoperatively had previous symptoms of ce- 
rebral insufficiency—1 had undergone carotid 
endarterectomy three years before. None of the 
patients in this series underwent current in- 
vasive or noninvasive carotid testing before 
coronary bypass operation. Subsequently, 3 pa- 
tients with substantial carotid arterial occlu- 
sive disease have undergone successful carotid 
endarterectomy with coronary artery bypass 
without neurological complications. Impressive 
results with noninvasive cerebrovascular ex- 
amination may warrant its preoperative appli- 
cation in all older patients. 

Although long-term follow-up to document 
increased longevity after operation is not 
provided by this study, favorable comparisons 
with our general group of patients undergoing 
coronary artery bypass lead us to believe that 
these older patients also can be expected to 
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show increased life expectancy. No doubt exists 
regarding the increased quality of life post- 
operatively in almost all of our patients. 

In exploring future developments in the sur- 
gical treatment of coronary artery disease in 
septuagenarians, continued increase in its 
application is anticipated. Its use, however, 
should be tempered with better patient selec- 
tion through new diagnostic modalities, such 
as radionuclide cineangiography, providing 
us with physiological evidence of ischemic 
myocardium, rather than through static data 
about coronary artery anatomy obtained from 
coronary arteriography. Improved noninvasive 
cerebrovascular testing should reduce mor- 
bidity from strokes. Judicious application of 
multiple procedures in those patients with 
complex problems should aid us in approach- 
ing the whole patient, thereby reducing com- 
plications and enhancing both early and late re- 
sults. 
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A Coded Study of Antitumor 


Immunity 


to Human Lung Cancer 


Assayed by Tube Leukocyte Adherence Inhibition 


D. M. P. Thomson, M.D., Ph.D., R. O. Ayeni, M.D., 
J. K. MacFarlane, M.D., D. N. Tataryn, M.D., M. Terrin, M.D., 
D. Schraufnagel, M.D., J. Wilson, M.D., and D. S. Mulder, M.D. 


ABSTRACT The present study was undertaken to 
evaluate the specificity of antitumor immunity to 
human lung cancer, measured by an in vitro 
assay—tube leukocyte adherence inhibition (LAD. 
We standardized and monitored the putative tumor 
antigen activity of the extracts by testing leukocytes 
from controls and patients with lung cancer in the 
Montreal General Hospital. A specific antitumor re- 
sponse to a lung cancer antigen was detected with 
coded leukocytes from 56% (20 out of 36) of patients 
with epidermoid lung cancer. By contrast, 4% (2 out 
of 53) of patients with inflammatory lung disease 
and none of 46 other patients with cancer metastatic 
to the lung or with other diagnoses had an LAI- 
positive result. The LAI response was inversely re- 
lated to the extent of cancer: 80% (8 of 10) with Stage 
I, 66% (2 of 3) with Stage II, 54% (6 of 11) with lo- 
calized Stage III, and 3396 (4 of 12) with widespread 
Stage III were LAI positive. Leukocytes from pa- 
tients with epidermoid, adenocarcinoma, or small 
cell lung cancer reacted to a common tumor antigen 
shared by extracts of epidermoid and small cell lung 
cancer. 

This study with coded samples from a remote hos- 
pital confixms the results of other investigators that 
the LAI measures an antitumor immune response to 
human organ-specific neoantigens. 


For many years, host resistance to the growth of 
neoplastic cells has been a subject of great 


From the Division of Immunology and Department of Sur- 
gery of the Montreal General Hospital, Montreal General 
Hospital Research Institute, and the Montreal Chest Hos- 
pital Centre, McGill University, Montreal, Que, Canada. 


Supported by the Medical Research Council of Canada, the 
National Cancer Institute of Canada, and the Montreal 
Cancer Research Society, Inc. 


We thank Mrs. Mary Bergin for typing this manuscript. 


Presented at the Sixteenth Annual Meeting of The Society of 
Thoracic Surgeons, Jan 21—23, 1980, Atlanta, GA. 


Address reprint requests to Dr. Thomson, The Montreal 
Genera! Hospital, 1650 Cedar Ave, Montreal, Que, Canada 
H3G 1A4. 


interest. The concept that immunological fac- 
tors might function to control or even to prevent 
neoplastic disease developed following well- 
substantiated investigations. Many tumors in 
experimental animals express tumor antigens 
that elicit immune rejection comparable to that 
caused by histocompatibility antigens in non- 
neoplastic allografts. Evidence that human 
tumors express neoantigens similar to those 
detected in experimental tumors has been de- 
rived from in vitro assays of cell-mediated and 
humoral antibody responses to tumor cells. But : 
the validity of in vitro assays for assessing 
whether human tumors do indeed express 
neoantigens, recognized by the host, has been 
questioned [1, 2]. 

The in vitro leukocyte adherence inhibition 
(LAI) assay [3] is based on the phenomenon 
that leukocytes from patients with cancer, when 
incubated in vitro with extracts of tumors aris- 
ing in the same organ and of the same his- 
togenesis, lose their normal properties of 
adherence to glass surfaces. With this assay, 
many studies have shown that cancer patients 
express antitumor immunity [4-9], but some 
investigations have not substantiated the 
claims for the specificity of the LAI response 
[10-12]. The LAI assay, adapted [13] and mod- 
ified for test tubes in our laboratory [14], detects 
tumor-specific immunity to a variety of human 
cancers [15-20]. Even when coded samples of 
blood were provided, the tumor types of the 
blood donors were correctly identified by their 
LAI response [21]. 

In view of the remaining skepticism among 
many about cell-mediated immunity to human 
tumor antigens [22], we decided that the reli- 
ability of the tube LAI needed to be evaluated for 
the detection of antitumor immunity in a large 
number of patients for whom blood samples 
were provided and coded by another hospital. 
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The results of this study are the subject of this 
report. 


Materials and Methods 

Heparinized blood from patients newly admit- 
ted to the Montreal Chest Hospital Centre for 
evaluation for lung cancer and drawn by Drs. 
Terrin and Schraufnagel, was transported im- 
mediately to the Montreal General Hospital Re- 
search Institute and processed within two 
hours as previously described [14]. The pa- 
tients who were assayed by LAI had under- 
gone no diagnostic procedures in the hospital. 
The LAI results were reported to Drs. Terrin 
and Schraufnagel. They provided the final 
diagnosis and, if the patient had lung cancer, 
classified him according to stage and histology 
(light microscopy) of the cancer. 

Extracts of lung cancer, colon cancer, and 
malignant melanoma were prepared from meta- 
static deposits in the liver of postmortem 
specimens as previously described [14]. Normal 
lung extracts were prepared from postmortem 
specimens. 

The tube LAI assay, performed in 20 ml, 16 x 
150 mm glass test tubes, was described previ- 
ously by Grosser and Thomson [14]. Each tube 
contained 0.3 ml of Medium 199, 0.1 ml of 
tumor extract containing ~ 100 ug of protein, 
and 0.1 ml of the peripheral blood leukocyte 
suspension. Each extract was set up in tripli- 
cate. The tubes were placed horizontally and 
incubated at 37°C in a 596 carbon dioxide, 
humidified atmosphere. Two hours later the 
tubes were put upright, and then a sample of 
the contents was placed on a hemacytometer 
with a surface marked by a single square out- 
lining an area of 16 mm*. 


All the cells within the square were counted 


by the image analyzer, driven by computer- 
linked instruments [19, 20]. The results were 
expressed as a nonadherence index (NAI): NAI 
= (A—ByB x 100 where A is a sample of the 
number of nonadherent cells incubated with 
the lung cancer extract, and B is a sample of the 
number of nonadherent cells incubated with an 
unrelated extract of colon cancer or malignant 
melanoma. The NAI expresses the difference in 
nonadherence of control leukocytes to two un- 


related extracts. The difference in nonadher- 
ence of control leukocytes to two tumor extracts 
giving NAIs z 30 occurs less than 596 of the 
time [14—17]. For this reason, NAIs = 30 were 
chosen (arbitrarily) as positive, and those « 30 
were negative. 

In order for a procedure to be of any diagnos- 
tic value for a given disease, one must demand 
that sensitivity + specificity is 2 1.0. If this 
sum is 2.0, the test is ideal. Sensitivity is the 
proportion of true positive among diseased 
patients. Specificity is the proportion of true 
negative among nondiseased patients. A sta- 
tistical test for validity of the assay is per- 
formed by the usual x” test for 2 X 2 tables. 


: Results 


Standardization of the Extracts 

Ideally, leukocytes from patients without lung 
or colon cancer should be equally nonadherent 
when incubated with the lung cancer and colon 
cancer extracts at similar protein concentra- 
tions. The Figure shows histograms of the NAI 
distribution of 234 patients from the Montreal 
General Hospital who had no lung or colon dis- 
ease of any kind, tested to the extracts of 
epidermoid lung and colon cancer; 9096 had an 
NAI from —19 to 19. Most important, less than 
596 of the leukocytes from control patients 
showed a difference in nonadherence to the 
lung or colon cancer extracts that gave an NAI = 
30 (see Figure). 

After the two cancer extracts were appropri- 
ately titrated, we determined if the lung cancer 
extract had putative tumor antigen activity by 
testing leukocytes from patients with early 
stages of lung cancer who were seen at the 
Montreal General Hospital. The lung cancer ex- 
tracts when incubated with leukocytes from 
patients with lung cancer caused more cells to 
be nonadherent than did the colon cancer or 
malignant melanoma extract. As a result, the 
NAI distribution of the 25 patients with early 
stages of lung cancer is biphasic and skewed to 
the right, with 72% having an NAI = 30 and 
only 2296 and 696 having an NAI between —19 
to 19, and 20 to 29, respectively (see Figure). 
Throughout the time that the coded samples 
were supplied from the Montreal Chest Hospi- 
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NONADHERÉNCE INDEX (NAI) 


Histograms for the nonadherence index (NAI), that 

is, the difference in leukocyte nonadherence to the 
lung cancer and colon cancer extracts from two groups 
of patients from the Montreal General Hospital. A zero 
value indicates no difference, and an NAI z 30 is pos- 
itive for an antitumor response. Of 234 patients without 
lung disease of any kind, none had an NAI z 30 (top 
figure). NAI distribution of 25 patients with early stages 
of epidermoid lung cancer (bottom figure); 72% had a 
positive response to the lung cancer extract. In this 
group of patients, the sensitivity of the test was 0.72, 
and the specificity, 1.0. The sum was 1.72. As the value 
is > 1.0, the procedure has diagnostic value, but since it 
is « 2.0, it is not ideal. A statistical test for the validity 
of the assay was performed with the usual x’ test for 2 
X 2 tables (p < 0.005). 


tal Centre, the titration was checked daily, and 
the quality of antigen activity of the extracts 
was checked as often as possible. 

Five different epidermoid lung cancer ex- 
tracts were used. The first showed excellent 
tumor antigen activity, but it was labile and the 
activity disappeared ;within two to three 
months. A second and third lung-cancer ex- 
tract, tested by LAI, showed no evidence- of 
tumor antigen activity. A fourth extract pos- 
sessed good tumor antigen activity that again 
was labile and was lost after two months. Other 
extracts, prepared from the same lung cancer, 
exhibited tumor antigen activity of only fair 
quality, which quickly deteriorated over two 
months. A fifth lung-cancer extract maintained 
moderate tumor antigen activity for three 
months, and other extracts, prepared from the 
same tumor, exhibited similar qualities. Two 
extracts of small cell lung cancers had tumor 


antigen activity that was stable for three 
months. 


Coded Study of Blood from the Montreal 
Chest Hospital Centre 
Table 1 shows the results of testing blood sam- 
ples, coded and supplied from the Montreal 
Chest Hospital Centre. Patients with epider- 
moid lung cancer reacted to the lung cancer ex- 
tract, but patients with benign and inflamma- 
tory lung lesions seldom reacted. Patients with 
cancer metastatic to the lung or other benign 
and malignant conditions not related to the 
lung did not react to this extract. The leukocytes 
from patients with early stages of epidermoid 
lung cancer reacted more often than did cells 
from patients with late stages of lung cancer. 

In detecting patients with epidermoid lung 
cancer, the sensitivity of the assay was 0.61 and 
the specificity, 0.98 (see Table 1). The sum of 
sensitivity and specificity was 1.59, which indi- 
cates that the test was of diagnostic value. But 
since it is known that the tube LAT test detects 
principally the antitumor immune response of 
early cancer, it is perhaps more appropriate to 
consider only patients without metastatic 
cancer. Then the sensitivity is 0.67, and sen- 
sitivity + specificity is 1.67 (see Table 1). This 
value is only slightly lower than the 1.72 ob- 
tained with the uncoded blood samples from 
the Montreal General Hospital. 

Patients with occult lung cancer also have 
positive LAI responses to epidermoid lung 
cancer. Those who had consistently positive spu- 
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Table 1. Results of Coded Study of Antitumor 
Immunity to Lung Cancer? 


Positive 
No. of LAI? 
Diagnosis of Patients 
Leukocyte Donor Tested No. Percent 
Occult 
1 2 0 0 
2 3 1 33 
z3 5 4 80 
Epidermoid cell 
Jung cancer 
Stage I 10 8 80 
Stage II 3 2 67 
Style III (local) 11 6 54 
Stage II (widespread) 12 4 33 
Other primary lung 
tumors 
Small cell 9 4 44 
Adenocarcinoma 7 3 43 
Large cell 1 0 0 
Metastatic lung lesions 8 0 0 
Squamous cell cancer of 14 0 0 
oral cavity* 
Benign and/or 53 2 4 
inflammatory 
lung lesions 
Other controls 
Benign 31 0 0 
Malignant 7 0 0 


“The positive and negative -NAIs in the patients with 
epidermoid lung cancer and in the control subjects were 
compared by the x? test: all stages vs controls, x? = 47.67 (p 
< 0.C05); Stages I and II vs controls, x? = 55.03 (p < 0.005); 
Stage III vs controls, x? = 22.24 (p < 0.005). 

"NAI z 30 was positive. Àn extract of epidermoid lung 
cancer was the specific antigen and extracts of colon cancer 
or melanoma were the nonspecific antigens. 

"These blood samples were from patients in the Montreal 
General Hospital and were coded in our laboratory. 


LAI — leukocyte adherence inhibition. 


tum cytological examinations were LAI positive 
most often (see Table 1). Patients with small 
cell cancer and adenocarcinoma of the lung 
reacted to the extract of epidermoid lung cancer 
(see Table 1). Although there are too few pa- 
tients to classify by stage, most positive LAI re- 
sponses were observed in patients with the 
least cancer. Leukocytes from patients at the 
Montreal Chest Hospital Centre who comprised 
three different histological types of lung cancer 
were tested against extracts of epidermoid and 


Table 2. Specificity of Antitumor Immune 
Response to Lung Cancer Extracts 


Nonadherence Index 


to 
Epidermoid Small Cell 

Diagnosis of Lung Lung 
Leukocyte Donor Cancer Cancer 
Occult 31 44 
Epidermoid E t 

lung cancer, Stage I? 31 22 
Epidermoid 57 45 

lung cancer, Stage II 
Epidermoid —]3 45 

lung cancer, Stage I 
Small cell 47 25 
Small cell 75 49 
Small cell 35 30 
Bronchoaveolar, Stage I 40 34 
Adenocarcinoma, Stage II 22 9 
Adenocarcinoma, Stage II 39 68 
Chronic bronchitis =3 9 


‘This patient was tested on two separate days to the ex- 
tracts, and the values recorded for each day are shown. 


small cell lung cancer (Table 2). The leukocytes 
from patients with epidermoid lung cancer 
reacted similarly to the extracts of epidermoid 
and small cell cancer. Table 2 shows that pa- 
tients with small celi cancer and adenocar- 
cinoma of the lung reacted to the extracts of 
epidermoid and small cell lung cancer in a 
fashion not discernibly different from the pa- 
tients with epidermoid lung cancer. 

When we observed the results from a patient 
with epidermoid lung cancer who had an NAI 
of —13 and 45, respectively (see Table 2), to the 
extracts of epidermoid and small cell lung 
cancer, we were alerted to the possibility that 
the epidermoid lung cancer extract had lost its 
putative neoantigen activity. This proved to be 
true, for when other patients from the Montreal 
General Hospital who had early stages of 
epidermoid cell lung cancer were tested, they 
no longer reacted to the epidermoid lung cancer 
extract in use at that time, but did react to the 
small cell lung cancer extract. Thrice, we 
stopped the admission of patients to the coded 
study because we suspected deterioration of the 
lung cancer extract. The coded study was re- 
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started each time a new extract was appropri- 
ately titrated and shown to possess putative 
lung cancer activity. 


Organ-Specific Neoantigen 

Patients with lung cancer did not react to other 
extracts, such as stomach, pancreas, colon, 
bladder, prostate, and breast, to which they 
were tested. Five of them were tested with an 
extract of squamous cell cancer of the tongue, 
and none reacted. Converselv, patients with 
cancer of organs other than the lung did not 
react to the lung cancer extract. Leukocytes from 
12 patients with squamous cell cancer of the 
oral cavity and 2 patients with laryngeal cancer 
were incubated with the lung cancer and 
melanoma extracts, and none reacted (see Table 
1). 

If the nonspecific extracts o£ colon cancer or 
malignant melanoma were replaced by pairing 
the lung cancer extract with an extract of normal 
lung tissue, the LAI-positive response of pa- 
tients with lung cancer to the lung cancer ex- 
tract persisted. 


Comment 

At the first International LAI Workshop, the 
specificity of the LAI response was demon- 
strated with coded samples of blood, tested in 
classic blinded criss-cross experiments [6, 21]. 
There remained a need, however, for a pro- 
spective study with coded blood specimens 
from patients undergoing clinical evaluation for 
possible cancer. That is why we now report that 
the LAI assay shows specificity with blood 
coded in another hospital from a large sample of 
patients beginning clinical evaluation for lung 
cancer. 

A specific antitumor immune response to a 
lung cancer antigen was detected with leuko- 
cytes from 55% of patients with epidermoid 
lung cancer. By contrast, 4% of patients with 
inflammatory lung lesions and none of 46 other 
patients with cancer metastatic to the lung or 
with other diagnosis were LAI positive. The re- 
sults indicated that the LAI response depended 
on the bulk of cancer as estimated by clinical 
staging. Of patients with epidermoid lung 
cancer, 80% were LAI positive when Stage I 
disease was present, but only 55% with lo- 


calized Stage III and 33% with widespread 
Stage Ill reacted positively in the LAI test. 
Moreover, sensitization of the immune system 
to the lung cancer antigen develops in patients 
with occult lung cancer, presumably cancer so 
small that it cannot be located easily. 

Tumors of the human lung arise from basal or 
mucous cells, neurosecretory cells, and Clara 
cells [23]. Most tumors are derived from mucous 
or basal cells, and they are subdivided into 
epidermoid and adenocarcinomas or combined 
[23]. Adenocarcinomas also arise from Clara 
cells, but a combination of histochemistry, 
electron microscopic studies, and the periph- 
eral location of the tumor is needed to suggest 
that the tumor is of Clara cell origin [23]. Small 
cell anaplastic carcinoma in the classification of 
the World Health Organization embodies sev- 
eral different tumor types, some of which arise 
from the mucous or basal cells and others, from 
neurosecretory cells [23]. The tumors in the pres- 
ent study were classified on the basis of light 
microscopy only; thus, little consideration was 
given to histogenesis in our analysis. 

Leukocytes from patients with epidermoid, 


adenocarcinoma, or small cell lung cancer 


reacted to a common tumor antigen shared by 
the extracts of epidermoid and small cell lung 
cancer. There was no discernible difference in 
the response of patients with different his- 
tological types of lung cancer. Other inves- 
tigators, too, have reported similar results with 
the leukocyte migration inhibition assay [24— 
26]. It is not clear, however, if the different 
histological types of lung cancer, determined by 
light microscopy, originated mainly from mu- 
cous or basal cells or if some of the small cell 
cancers and adenocarcinomas were derived from 
neurosecretory and Clara cells, respectively. 
We examined carefully the specificity of the 
LAI response. No patients with squamous cell 
cancer of the upper respiratory tract and ali- 
mentary passages reacted to the lung cancer ex- 
tract, but more patients with laryngeal cancer 
need to be tested before it can be concluded that 
they do not react to the extract. Leukocytes from 
patients with lung cancer did not react to cancer 
extracts of other organs, such as the colon, 
stomach, pancreas, breast, bladder, and skin. 
Similarly, patients with cancers of organs other 
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than the lung did not react to the lung cancer 
extract. 

Hence, it is safe to conclude that one class of 
human tumor antigen, recognized by the im- 
mune system, is an organ-specific neoanti- 
gen. Partial purification of the organ-specific 
neoantigens, detected by the LAI assay, indi- 
‘cates that they are physicochemically similar [27, 
28], for they co-isolate with ,-microglobulin 
and resemble histocompatibility antigens in 
structure. Organ-specific neoantigens seem to 
be one of the phenotypical expressions of the 
cancer cell which are acquired long before the 
appearance of overt cancer [29]. 

Evidence that human cancers can manifest 
different phenotypes of the organ-specific 
neoantigens was shown by Rudczynski and 
colleagues [30]. They reported that patients 
with breast cancer showed a specific LAI re- 
sponse to tissue culture lines of breast and pha- 
ryngeal adenocarcinoma. Sanner and associates 
[31], too, found that a few patients with lung 
cancer reacted against the breast cancer extract. 
Other investigators [24, 25, 32], using leukocyte 
migration inhibition assays, have also reported 
that tumors of different origins may share 
tumor antigens. 

So far with the standard tube LAI assay, we 
have not observed that cancer patients exhibit 
an LAI response directed against tumor anti- 
gens from two different organs. In preliminary 
studies (unpublished), we found that a nega- 
tive LAI response of patients with advanced 
cancer is turned positive by including prosta- 
glandin E; (PGE;) in the incubative medium. The 
LAI response, stimulated by PGE,, in most in- 
stances still seems to retain its organ-specific 
neoantigen specificity, although now leuko- 
cytes from some patients who have breast 
cancer react strongly positive to breast cancer 
extracts and weakly positive to lung cancer ex- 
tracts. Conversely, leukocytes stimulated with 
PGE, from some patients with lung cancer react 
strongly positive to the lung cancer extract and 
weakly positive to the breast cancer extract but 
not at all to other cancer extracts. 

In the present study, the LAI response of the 
patients with lung cancer was not directed 
against normal lung-tissue antigens. Indeed 
only 4% of patients with inflammatory lung le- 


sions had a LAI positive response to the lung 
cancer extracts. This is slightly higher than the 
response rate of patients without lung disease 
in whom no positive tests were encountered. 
Our previous studies in colon, stomach, pan- 
creas, and breast cancers also indicated that the 
LAI response was directed against antigens ex- 
pressed by cancers or dysplastic lesions but not 
normal tissues of the same organ [17, 18, 29]. 
Another in vitro assay, leukocyte migration in- 
hibition, also detects organ-specific neoanti- 
gens of lung cancer [24, 32, 33]. The low inci- 
dence of reactivity to normal lung extracts made 
it unlikely that the response, detected by leu- 
kocyte migration inhibition, was to normal 
lung-tissue antigens [24, 32]. 

The results of the present coded study indi- 
cate that the extracts must be meticulously 
standardized and monitored for putative tumor 
antigen activity. In vitro assays of cellular im- 
munity suffer from the absence of readily avail- 
able positive and negative control standards, 
whereas serological assays are run, almost al- 
ways, with known positive and negative stan- 
dards. In serological assays, if the standards do 
not give the expected answers, then the results 
with the unknown samples are discarded. With 
the in vitro tube LAI assay, leukocytes from 
control hospital patients are used daily to check 
the standardization of the extracts, but it is 
never possible to check daily the putative tumor 
antigen activity of the extracts. In this study, 
the extacts lost tumor antigen activity on a few 
occasions, but frequent and rigorous checks of 
putative antigen activity, using donor leuko- 
cytes with known reactivity, prevented any 
large number of coded blood samples from 
being tested with inactive extracts. The neces- 
sary clinical monitoring of the cancer extracts 
and the variability in their antigenic activity are 
the principal drawbacks to the generalized use 
of the LAI phenomenon in diagnosis and 
screening. 
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Discussion 

DR. MARTIN F. MC KNEALLY (Albany, NY): I had the 
opportunity to review Dr. Mulder's paper before its 
presentation and found it interesting and well pre- 
sented. The Program Committee asks that discus- 
sants be critical, but since it is difficult to criticize or 
argue with these data, I will just ask some questions 


about its application. 


This is one of a series of studies from the Montreal 
General Research Institute that have made impor- 
tant contributions to tumor immunology, the most 
widely known of which is the description of car- 
cinoembryonic antigen done almost ten years ago. 
Dr. Mulder and his co-workers now describe what 
is undoubtedly an immunologically mediated phe- 
nomenon that suggests the presence of a relatively 
restricted set of determinants nearly unique to lung 
tumors and that are shared by cancers of the same cell 
type from multiple patients. In addition, these de- 
terminants are sometimes shared between cancers of 
different cell types. 

I have three questions related to the evolution of 
these determinants. The first is, when do they de- 
velop in the evolution of a malignant tumor of the 
lung? Since they do develop in colon adenomas and 
are detectable with extracts from colon cancer and 
since they develop in patients with breast adenomas 
and are detectable with extracts from patients with 
breast cancer, have vou any experience using pa- 
tients with bronchial adenomas? That might shed 
some light on when this determinant appears. 

The next question is, what can we do to make 
practical the application of this phenomenon in clini- 


cal detection programs? Since you have such a high 
detection rate in the occult tumors, should this be 
added to sputum cytology and chest roentgenogram 
in early detection programs? 

Finally, is this determinant going to be useful ther- 
apeutically? You pointed out that the evolution of 
antigens on the surface of tumors can make them re- 
jectable in the way that organs are rejected across 
histocompatibility barriers. Do you think that these 
determinants will be useful in lung cancer im- 
munotherapy? 

I commend Dr. Mulder and his colleagues at the 
Montreal Chest Hospital Centre for critically eval- 
uating the reliability of this important observation. 


DR. MULDER: I thank Dr. McKneally for this discus- 
sion. As Dr. McKneally mentioned, the group in our 
research institute has had great experience with 
looking at various cell markers in all types of malig- 
nancies. The LAI assay has proved useful in cancer of 
the colon and breast and in malignant melanoma. 
This is the first evaluation of the assay in patients 
with bronchogenic carcinoma. l 

I am afraid I cannot really answer Dr. McKneally's 
question about when the test becomes positive. I 
think we were all hoping, as Dr. McKneally outlined, 
that this might be an ideal method of screening, as it 
is in patients with colon adenomas or breast cancer. 
At the moment, we have only 8 patients with proved 
occult carcinoma who have subsequently been 
proved to have bronchogenic carcinoma. In this 
group of patients, 5 out of 8 were positive. We are 
relatively excited about this result and are anxious to 
apply the test in all the McGill Hospitals and attempt 
to increase our numbers. 

As far as its routine use for screening is concerned, 
the LAI assay is still a research technique even 
though it has been automated. The test can be done 
in two hours and the results can be back the same 
day, but it still takes a rigorous control of antigen in 
order to obtain standard results. 

Dr. D. Thomson and his group are presently 
evaluating techniques for "unmasking" the negative 
test in patients with a large tumor load. This may 
further enhance the value of this test. 


odis Node Biopsy 


in Pulmonary Carcinoma: When Is It Indicated? 


Michael H. Schatzlein, M.D., Suzanne McAuliffe, M.S., 
Mark B. Orringer, M.D., and Marvin M. Kirsh, M.D. 


ABSTRACT While there is universal agreement 
that palpable scalene lymph nodes should be biop- 
sied in the preoperative evaluation of patients with 
carcinoma of the lung, the role of biopsy of nonpal- 
'pable scalene nodes remains unclear. This report 
evaluates the results of biopsy .of nonpalpable 
scalene lymph nodes in 101 consecutive patients 
with bronchogenic carcinoma otherwise' deemed 
candidates for pulmonary resection. The overall in- 
cidence of biopsy positive for metastatic disease was 
8.995. No patient with a peripheral primary lesion, 
regardless of size or cell type, had metastasis to 
scalene nodes. Six of 15 patients with centrally lo- 


cated adenocarcinomas showed scalene node metas- 


tasis, while only 1 of 40 patients with central squa- 
mous cell carcinomas had a positive scalene biopsy. 
Bilateral biopsy was no more likely to yield positive 
information than ipsilateral biopsy alone. We now 
recommend preoperative biopsy of nonpalpable 
scalene nodes only in patients with central lesions in 
whom the cell type is adenocarcinoma or unknown. 


Despite much effort and communication on the 
subject, the merit of scalene lymph node biopsy 
in the preoperative evaluation of patients with 
bronchogenic carcinoma and nonpalpable cer- 
vical lymph nodes is still debated. Whitcomb 
and colleagues [1] and Hutchinson and Mills [2] 


made no mention of scalene node biopsy in 


their discussions of the staging of bronchogenic 
carcinoma. Other authors have minimized the 
value of the procedure, emphasizing the low 
overall incidence of positive biopsy (« 1096 in 
most series), mortality and morbidity, or the 
relative advantages of mediastinoscopy [2-4]. 
On the other hand, Brantigan and colleagues [5, 
6] in a review of 2,254 scalene node biopsies in 
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patients with nonpalpable nodes, reported a 
20.1% incidence of positive biopsies. 

Since 1976, we have performed scalene lymph 
node biopsies on all of our patients with proved 
or suspected bronchogenic carcinoma who 
were otherwise considered candidates for pul- 
monary resection. Initially only ipsilateral bi- 
opsy was performed, but in the last eighteen 
months of the review period, bilateral biopsies 
were routine. The present report details our ex- 
perience with this procedure. On the basis of 
our results, we propose a selective approach to 
scalene lymph node biopsy in patients with 
bronchogenic carcinoma and nonpalpable sca- 


lene or supraclavicular nodes. 


Material and Methods | 

From January, 1976, until July, 1979, 101 con- 
secutive patients with histologically proved 
bronchogenic carcinoma and nonpalpable sca- 
lene or supraclavicular lymph nodes under- 
went scalene node biopsy at the University of 
Michigan. Patients with peripheral lesions less 
than 3 cm in diameter were excluded from the 
study. The operation was performed as de- 


scribed by Daniels [7]. Ipsilateral scalene node 


biopsy was performed in 41 patients and bilat- 
eral biopsy in the remaining 60 patients. 
Retrospectively, the patients were divided 
into two groups on the basis of bronchoscopic 
and roentgenographic findings. Group 1 (n = 
68) consisted of those patients with centrally lo- 
cated tumors and Group 2 (n — 33) consisted of 
those with midlung or peripheral carcinomas. 
Central tumors were defined as those that could 
be visualized with the rigid bronchoscope or 
were located in the vicinity of the hilum on 
chest roentgenogram. All others were consid- 
ered to be peripheral or midlung in location. 


. Results 


Lymph nodes were present in all specimens. 
There were no deaths related to the procedure, 
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Incidence of Metastasis to Nonpalpable 
Scalene Lymph Nodes in Patients with 
Primary Pulmonary Carcinoma 


Location 
Cell Type Central? Peripheral 
Squamous 1/40 (2.5) 0/15 
Adenocarcinoma 6/15 (40) 0/14 
Other 2/13 (15) 0/4 
Total 9/68 (13) 0/33 


?Numbers in parentheses are percentages of patients in- 
volved. 


and only two complications occurred (one chyle 
leak and one superficial wound infection). 

The results are summarized in the Table. 
Metastatic carcinoma was found in 9 of the 101 
patients (8.9%). In none of the patients with 
metastases to the scalene lymph nodes was 
there roentgenographic evidence of mediastinal 
nodal involvement. There was a marked differ- 
ence in the incidence of scalene lymph node 
metastasis according to histological cell type 
and location of the primary tumor. The highest 
incidence of scalene node metastasis occurred 
in patients with adenocarcinoma (6 out of 29). 
Squamous cell carcinoma infrequently yielded a 
positive scalene node biopsy (1 out of 55 pa- 
tients). 

The most striking finding was the association 
between histological cell type and location of 
the tumor and the incidence of positive biopsy. 
The overall incidence of positive biopsy in pa- 
tients with centrally located lesions (Group 1) 
was 1396. However, 6 of 15 patients with cen- 
trally located adenocarcinomas had positive 
scalene biopsies while only 1 of 40 patients with 
central squamous cell carcinoma had metastases 
to the scalene nodes. No patient with a midlung 
or peripheral pulmonary carcinoma had posi- 
tive scalene node biopsy, even when bilat- 
eral scalene node dissections were performed. 
There was no difference in the incidence of 
scalene node metastasis whether ipsilateral (6 
out of 41 patients) or bilateral biopsy (3 out of 
60) was performed. 


Comment 

While there is general agreement that scalene 
lymph node biopsy should be performed in pa- 
tients with bronchogenic carcinoma and palpa- 
ble scalene or supraclavicular lymph nodes, 
there is still divergence of opinion concerning 
the role of this procedure in evaluating patients 
with nonpalpable nodes. Whitcomb and co- 
workers [1] and Hutchinson and Mills [2] made 
no mention of scalene lymph node biopsy in 
articles discussing the staging of bronchogenic 
carcinoma. Skinner [3] and Anderson and asso- 
ciates [8] did not advocate routine scalene node 
biopsies in the absence of palpable nodes on 
the grounds that the incidence of positive biop- 
sies would be low (« 696). On the other hand, 
Thomas [4], Yee [9], Brosseau [10], and their 
colleagues reported incidences of 19%, 21.4%, 
and 2296, respectively, in their series of pa- 
tients with bronchogenic carcinoma and non- 
palpable scalene nodes. These authors advo- 
cated scalene lymph node biopsy in all patients 
with bronchogenic carcinoma to rule out me- 
tastases prior to thoracotomy. 

Brantigan and co-workers [5, 6] performed 
bilateral scalene lymph node biopsies in 286 
patients with nonpalpable nodes and found a 
23.896 incidence of metastasis, with 2796 of the 
positive biopsies occurring on the contralateral 
side. In addition, they [6] reviewed the results 
in 2,254 patients previously reported in the lit- 
erature who underwent scalene node biopsy in 
the absence of palpable nodes, and found an 
overall incidence of positivity of 20.196 (range, 
1 to 51%). They attributed the wide variability 
in results mainly to patient selection; some au- 
thors performed biopsy only when they were 
seeking a tissue diagnosis in patients with ob- 
vious metastases or other evidence of inoper- 
ability. Such series would be expected to have a 
greater percentage of positive biopsy than 
others with a higher percentage of small per- 
centage coin lesions. In addition, they [6] 
thought that the failure to perform bilateral 
scalene biopsies would yield a falsely low inci- 
dence of metastases, since 2796 of the positive 
biopsies in their own series were on the con- 
tralateral side from the primary tumor. 

The overall incidence of 8.996 positive 
scalene node biopsy in our patients with non- 
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palpable nodes is similar to that reported by 
Skinner [3], Palumbo and Sharpe [11], and 
others. We also found, as did Brantigan [6], 
Brosseau [10], and their co-workers, a marked 
difference in the frequency with which the dif- 
ferent histological cell types metastasize to 
scalene lymph nodes. Scalene lymph node 
metastasis occurred in 20.696 of our patients 
with adenocarcinoma and only 1.896 of those 
with squamous cell carcinoma. The results of 
our study, however, also emphasize the effect 
of the location of the primary tumor (central 
versus midlung or peripheral) on the incidence 
of scalene lymph node metastasis. 

No patient in our series with a peripheral or 
midlung lesion had a positive scalene node bi- 
opsy despite the fact that all of the primary 
tumors were greater than 3 cm in diameter, 
even though most patients underwent bilateral 
biopsies. On the other hand, the overall inci- 
dence of positive biopsy in patients with cen- 
trally located primary lesions but without 
roentgenographic evidence of mediastinal node 
involvement was 1396. Patients with adenocar- 
cinoma and centrally located tumor had a 4096 
incidence of scalene node metastasis whereas 
only 1 out of 40 patients with centrally located 
squamous cell carcinoma had a positive biopsy. 
There was a 1596 incidence of positive biopsy 
in patients with a centrally located primary and 
histological cell type other than squamous cell 
or adenocarcinoma. 

On the basis of our study we cannot recom- 
mend the routine use of scalene node biopsy in 
the preoperative evaluation of patients with 
bronchogenic carcinoma. Unless nodes are pal- 
pable, the procedure should be reserved only 
for those patients with centrally located tumors 


of unknown cell type or of a known cell type 
other than squamous cell. Scalene biopsy should 
be omitted in all patients with peripheral or 
midlung carcinomas, regardless of:size or his- 
tological cell type, and in patients with squa- 
mous cell carcinoma, since the chance of obtain- 
ing a positive biopsy in these situations is quite 
low. Furthermore, performance of bilateral bi- 
opsy is not indicated since it does not increase 
the diagnostic yield over that epiamarts from 
ipsilateral biopsy alone. 
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Use of Circumferential Stapler in Reconstruction 
Following Resections for Carcinoma of the Cardia 
J. Ernesto Molina, M.D., Ph.D., Ben R. Lawton, M.D., 


and David Avance, P.A. 


ABSTRACT The use of the End-to-End Anas- 
tomosis (EEA) circumferential stapler for recon- 
struction following resection of the esophagus and 
stomach for carcinoma of the cardia is reported here 
in 9 consecutive patients with fifteen anastomoses 
performed with this unit. The technical aspects of 
the EEA stapler are emphasized. Two frequent 
problems associated with this type of operation, 
namely, stenosis or leak at the suture line, are com- 
pletely avoided by the use of this stapler unit. Its use 
is recommended. 


Reconstruction of the gastrointestinal tract fol- 
lowing wide resections of the esophagus and 
the stomach for carcinoma of the cardia is often 
accompanied by significant mortality. Among 
other complications, the rate of anastomotic 
leak at the site of the anastomosis figures 
prominently in most of the reports [1-5]. The 
presence of stenotic anastomosis, the result of 
the multiple layer technique used to prevent 
leaks and ensure healing, is also another factor 
that should be taken into consideration. When 
colonic interposition is necessary to bridge the 
distance between the proximal esophagus and 
the distal gastrointestinal tract, the operative 
time is greatly prolonged because of the num- 
ber of anastomoses involved. Reconstruction 


with multiple anastomoses further increases the. 


chance for leaks at the suture line, particularly 
the esophageal anastomosis [1, 2, 6, 7]. 
Because the most common symptom of pa- 
tients with carcinoma of the cardia is obstruc- 
tion, it is of paramount importance that this 
symptom be resolved satisfactorily. Manually 
constructed anastomoses in an area that is 
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difficult to expose leads to a stenosed anas- 
tomosis or leak, which, in the intrathoracic 
position, is fatal most of the time. 

The present study reports the treatment of 
patients with carcinoma of the cardia by resec- 
tion whenever it was possible, aiming for cure 
in the patients who did not show distant 
metastasis and for long-term palliation in the 
patients who had lymph node metastasis at the 
time of operation. The End-to-End Anastomo- 
sis* (EEA) circumferential stapler unit was util- 
ized for the construction of the anastomosis. ‘It 
is our belief that the use of thus unit allows for 
a safer reconstruction of adequate lumen anas- 
tomosis in a shorter operative time. In our ex- 
perience, this has provided complete effective 
palliation of the obstructing symptom in these 
patients. 


Materials and Methods 
A total of 9 patients with carcinoma of the car- 
dia were operated on utilizing this technique 
and the EEA circumferential stapler. Eight pa- 
tients had adenocarcinoma and 1 had squa- 
mous cell carcinoma. Their ages ranged from 
90 to 72 years. 

The EEA consists of a loading unit that carries 
a cartridge of 30 staples, 4.8 mm tall, placed in a 
double, staggered row. Simultaneously as the 
staples are applied, innermost to the staples a cir- 
cular knife blade cuts a round piece of tissue as 
large as 21.4 mm in diameter (outside diameter 
of the cartridge, 31.6 mm), which constitutes 
the lumen of the anastomosis. The smaller sized 
cartridges of 25 and 28 mm are more suitable for 
esophageal anastomosis. Several steps have to 
be observed carefully to make the stapler unit 


‘work effectively. The large diameter cartridge of 


31:6 mm is adequate for the average colocolonic 
or cologastric anastomosis, but not for the eso- 
phageal anastomosis unless the patient is a 


*Auto Suture Co., Stamford, CT 06902. 
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Fig 1. Four types (a, b, c, d) of reconstruction per- 
formed in 9 patients. Numbers represent number of pa- 
tients operated on with each particular method. 


large individual or the esophagus is markedly 
dilated. For the esophagocolonic or esophago- 
gastric anastomosis, the smaller diameter units 
are preferred. 

The four types of reconstruction used in this 
' series of 9 patients are depicted in Figure 1. 
None of the patients had distant metastasis at 
the time of operation, but 5 already had lymph 
node metastasis in the vicinity. Therefore, all 
lesions were considered technically resectable 
although no attempt was made to obtain biop- 
sies of isolated lymph nodes before resection. 
This course was followed because we thought 
that the obstruction at the cardia in all patients 


and bleeding in 1 had to be solved. The level of 
resection in the proximal esophagus was at the 
aortic arch in 6 patients and above it in 2. This 
gave a safe margin from the tumor site. Resec- 
tion on the gastric side was done at the level of 
the antrum in 2 patients; in 2 patients need- 
ing total gastrectomy, the first portion of the 
duodenum was resected; and in 4 patients the 
midportion of the stomach was resected. One 
patient underwent resection along the greater 
curvature and a gastric tube was constructed 
with the remaining stomach. In all patients, the 
line of resection was free from tumor on his- 
tological examination. 


Operative Technique 
Since the spread of carcinoma of the cardia oc- 
curs mainly into the abdomen, this cavity is 
explored first through a midline laparotomy. If 
resection is possible, the dissection is carried 
out in such a way as to isolate the stomach and 
transect it at the chosen level. The entire organ 
is isolated free to the level of the cardia and 
above. Since the upper limit of the resection is 
determined preoperatively, the distance to be 
bypassed is known once the distal resection is 
done. If colon bypass is necessary, a segment is 
isolated, usually from the transverse colon, and 
distal anastomosis is done at this stage. The 
proximal end of the colonic segment is clamped ` 
with a small De Martel forceps and left in the , 
abdomen. The spleen is usually not removed. 
The continuity of the colon is reestablished, 
and the greater omentum is left in continuity 
with the stomach to be resected. The patient is 
then repositioned for a right thoracotomy and 
redraped. | 

The thoracic stage is done through the bed of 
the fifth rib. The level of esophageal transec- 
tion, already decided on preoperatively, is ap- 
proached without disturbing the distal esoph- 
agus. The esophagus is stapled across at that 
level using the TA-30 unit. This maneuver is 
aimed to occlude all venous and lymphatic 
channels in the esophagus in order to prevent 
malignant cells from migrating into the upper 
esophagus caused by the necessary manipu- 
lations during the dissection and resection of 
the organ. As soon as the esophagus is cleared 
down to the diaphragm, the abdominal organs 
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A B 


Fig 2. Thoracic stage of-esophagocolonic anastomosis: 
(A) positioning-of End-to-End Anastomosis unit in the 
esophagus; (B) resection of esophagogastric specimen; 
and (C) anastomosis completed. | 


are brought into the chest and the specimen is 
left hanging from only the proximal esophagus. 

Before the esophagus is transected above the 
stapled line, a pursestring suture with 0 Mer- 


silene is placed above the staples (Fig 2). The 


proximal end of the stomach or colon is brought 
up and the stapler introduced through a side 
incision in the stomach or in the tenia if the 
colon is involved. The proximal end is closed 
with a pursestring suture and tied around the 
shaft of the stapler. The cap of the cartridge 


is attached as usual. The esophagus is then | 


opened transversely at this point only in its 
anterior half, which is the aspect facing the sur- 
geon. It is easier to introduce the distal stapler 
into the esophagus if the posterior wall is left 
intact at this point (see Fig 2). As soon as the 
stapler is positioned in the esophagus, the 
pursestring suture is pulled tight and the 
esophagus now is divided in its posterior wall. 
The suture is tied securely. The entire resected 
specimen is removed from the field. The anas- 
tomosis is completed and the stapler unit re- 
moved. A nasogastric tube is placed for decom- 
pression, and the side incision is closed. The 
chest is closed and the operation terminated. 
When anastomosing the stomach, care should 
be taken that excessive amounts of tissue do 
not remain distal to the pursestring suture 
in order to avoid a large bulk of tissue that 





Aq NN 3 al 
Fig 3. Barium swallow examination obtained seven days 
following esophagogastrostomy.. Arrows indicate the 
site of anastomosis. 
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will imipair the normal functioning of the 
stapler. If the entire stomach has been resected 
and the duodenal stump closed, a segment of 
colon is interposed to a loop of jejunum in a 
Roux-en-Y fashion. 


Results 

Reconstructions accomplished in the 9 patients 
are shown in Figure 1. Normal satisfactory 
function of the cutting circular knife was expe- 
rienced in every instance. Removal of the in- 
strument after completion of the anastomosis is 
relatively easv after the cartridge is loosened a 
few turns. In the postoperative period, no leaks 
were detected at any site and all anastomoses 
functioned satisfactorily. Seven days after oper- 
ation, a barium examination was obtained (Fig 
3), and all patients were able to eat a regular 
diet. None of the patients had any complica- 
tions related to the use of the stapler. There was 
1 operative death related to respiratory compli- 
cations and 2 late deaths due to distant metas- 
tasis one year following operation. 


Comment 

Use of the EEA circumferential stapler is war- 
ranted and recommended. Care should be 
taken when the diameter of the viscus to be 
anastomosed is measured in order to select the 
proper size of cartridge. For esophageal anas- 


tomosis, unless the person is a very large indi- 
vidual or the esophagus is extremely dilated, 
the 25 or 28 mm diameter unit is recommended. 
Two of the most common problems encoun- 
tered in the literature in performing esophago- 
gastric reconstructions, i.e., anastomotic leaks 
and stenosis, seem to be totally avoided by use 
of the EEA stapler unit. 
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Changing Indications for Pacemakers in Children 


William H. Fleming, M.D., Lynne B. Sarafian, M.N., John D. Kugler, M.D., 
Philip J. Hofschire, M.D., and Edward B. Clark, M.D. 


ABSTRACT Permanent im- 
planted in 50 children. Indications were symptom- 
atic sinus node dysfunction in 34 (6896), surgical 
block in 9 (1896), and congenital block in 7 (14%). 
Twenty-three (6896) of the 34 children with sinus 


node dysfunction had undergone prior cardiac oper- 


pacemakers were 


ations. 

Only 4 of the 50 patients (896) had electrode prob- 
lems after a mean pacing time of 29.5 months (range, 
1 to 96 months). All 35 of the mercury-cell pulse 
generators used in 28 patients ceased to function 
after an average useful life of 20.8 months (range, 1 
to 51 months). The lithium-powered units in the 45 
survivors all show satisfactory pacing after 5 to 44 
months (mean, 28.1 months). 

With improved pacemaker technology, longer 
survival after complex repairs, and better monitoring 
techniques, the indications for cardiac pacing in 
children have broadened. Surgical block now is an 
indication in only a small fraction of the pediatric 
pacemaker population. Sinus node dysfunction ac- 
counts for an ever-increasing majority of the pace- 
makers we currently implant in children. 


The last decade has been one of marked im- 
provement in pacemaker technology [1-5]. 
“Demand” circuits are now reliable, the sizes of 
pulse generators are decreasing, and circuit 
failures are rare. In addition, lead durability has 
greatly improved [5, 6]. Perhaps most impor- 
tantly, the lithium-based family of energy cells 
has produced much greater longevity, as well 
as greater reliability, in pulse generators. Ten 
yearsis now areasonable expectation £or the use- 
ful life of a pulse generator. 

With these rapid changes in technology, it is 
not surprising that the indications for pacing 
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are also changing [6]. Previously, pacers were 
used only to sustain life, but now they are also 
used for optimizing cardiac performance or as 
prophylaxis against intermittent or even merely 
possible events [6]. Long-term (24-hour) am- 
bulatory rhythm monitoring has greatly facili- 
tated the decision-making process by showing 
that "possible" events are or are not occurring. 
These changes led us to review the use of pace- 
makers in our pediatric population. 


Material and Methods 
Records of all children who received implanted 
pacemakers at the University of Nebraska 
Medical Center between 1967 and December 1, 
1979, were reviewed. There were 50 children 
ranging in age from 2 days to 20 years; mean 
age at first implant was 8.4 years. There were 31 
male and 19 female patients in the group. 
Indications for pacing in these patients in- 
cluded sinus node dysfunction, congenital 
complete atrioventricular (AV) block, and sur- 


. gical complete AV block (Tables 1, 2). Sinus 


node dysfunction was defined as one or more 
of the following [7]: (1) sinus pause or arrest 
(Figure, top); (2) sinus, atrial, junctional, or 
ventricular rhythms at slow rates alone or with 
(3) bradytachydysrhythmias, which included 
any bradycardia in association with supraven- 
tricular tachycardias, such as atrial flutter- 
fibrillation, or sinus node or atrial muscle reen- 
try tachycardia (Figure, bottom). 


Results 

Among the 23 patients with sinus node dys- 
function following a previous operation, 10 pa- 
tients had undergone a Mustard operation, 2 
had had a Fontan operation, and 11 had under- 
gone various other intracardiac procedures, 
none alike. Pacing was required an average of 
17.5 months postoperatively (range, 0 to 72 
months). Of the 34 patients with sinus node 
dysfunction, the most common symptoms were 
syncope (15 patients), dizziness (6 patients), 
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Table 1. Indications for Pacing 








No. of Percent of 
Indication Patients Patients 
Symptomatic sinus node 34 68 
dysfunction 
After operation 23 46 
No operation 11 22 
Surgical atrioventricular 9 18 
block 
Operation prior to 1970 5 10 
Cornplex lesions 4 8 
Congenital atrioventricular 7 14 
block 
Total 50 100 


Table 2. Symptomatology in 34 Patients Paced 
for Sinus Node Dysfunction 





No. of Percent of 
Symptom Patients Patients 
Syncope 15 44 
Dizziness 6 18 
Low cardiac output 8 23 
Low heart rate 9 15 
Total 34 100 





and low cardiac output (8 patients), which re- 
sponded favorably to cardiac pacing maneuvers 
employed during cardiac catheterization. Five 
patients had no symptoms, but the indication 
for pacemaker implantation was severe sinus 
node dysfunction in patients who had had 
operation for heart disease associated with in- 
creased incidence of sudden death (e.g., Mus- 
tard repair for transposition of the great ar- 
teries). The definition of severe bradycardia 
we used was a heart rate below 70 beats per 
minute in children less than 1 year old, below 
60 in children 1 to 5 years old, and below 40 in 
children 6 years old or older [7]. Among the 5 
patients paced for low heart rate alone, 4 had a 
rate of 30 beats per minute or less, and 1 had a 
rate of 38 at 5 years of age. 


Leads 

Forty-six of the 50 patients (92%) have required 
only one epicardial lead system. No patients 
had transvenous endocardial leads. The five 


lead failures in 4 patients included two frac- 
tured wires, two infected pacing svstems, and 
one case of exit block. Among the 45 patients 
now alive, 41 (9196) have sutureless electrodes. 
The mean duration of epicardial electrode use is 
42.5 months (range, 1 to 111 months). 


Pulse Generators 

None of the patients presently has a mercury- 
cell unit. The 35 mercury-cell units used in 28 
patients lasted an average of 20.8 months (total 
months, 728). The range was 1 to 51 months. 
Fifty patients each had a lithium pulse gen- 
erator implanted. Five patients died after an 
average of 14 months of pacing, and 45 now 
have had implanted pacemakers an average of 
28.1 months (total months, 1,265) (range, 5 to 44 
months). Thirty-one of the 50 patients who re- 
ceived lithium-powered pacemakers have pro- 
grammable units. All of these have been repro- 
grammed for rate change at least once. All have 
had the pulse width adjusted six weeks or more 
after implantation. Presently, 28 of 31 (9096) 
have a pulse width of 0.3 msec or less. Two 
patients have AV sequential pacemakers with 
satisfactory function to date. 


Deaths 


“There were 5 deaths among the 50 patients 


(10%). One infant with asplenia died of sepsis, 
and 2 patients had uncorrectable congenital 
heart disease. Two patients died suddenly after 
having led seemingly normal lives for 7 and 9 
years of pacing. One had a history of brady- 
tachydysrhythmias and a normally function- 
ing lithium pacemaker at postmortem exam- 
ination. The other patient, who had a lithium 
generator implanted for surgical AV block, 
died immediately after a sledding accident 
and was not studied after death. 


Follow-up 

Pacemaker function is checked on all patients 
every week for six weeks, and then every 3 
months, or more often, either in the clinic or 
by telephone monitor. Because some of our pa- 
tients are as much as 500 miles away, telephone 
monitoring is highly desirable. Twenty-four- 
hour ambulatory electrocardiographic (ECC) 
monitoring is done at least annually. 
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Bradytachydysrhythmias, recorded from 24-hour am- 
bulatory electrocardiogram of 4-year-old girl, 2 months 
after closure of atrial septal defect and repair of partial 
anomalous pulmonary venous connection to superior 
vena cava. Top recording shows sinus atrial rhythm at 
constant rate of slightly greater than 100 beats per min- 
ute until sinuslatrial arrest occurs. The escape rhythm 
originates from a different atrial focus since the P wave 
is different. Bottom recording shows later occurrence of 
supraventricular tachycardia. The ventricular rate was 
165 beats per minute, and P wave morphology sug- 
gested atrial flutter. Intracardiac electrophysiclogical 
studies showed right atrial muscle reentry supraven- 
tricular tachycardia (atrial rate slightly greater than 300 
beats per minute) with 2:1 ventricular response. 


Comment 

We believe that improved technology and in- 
creased survival of children born with congen- 
ital heart disease have brought about a major 
change in the indications for implanted pace- 
makers. Numerous pacemakers are now known 
to be highly reliable, and 10 years is a reason- 
able expectation for the life of a pulse generator. 
Improved energy sources give promise of 25- 
year pulse generator life in the next few years. 
Cardiac pacemaker leads are now reliable, with 
9396 (42 out of 45) of our living patients still 
pacing on their original leads. The use of pro- 
grammable pulse generators in our pediatric 
population has provided a number of benefits. 
First, the rate can be decreased as the patient 
grows older. This is especially important in in- 
fants and small children. Second, the pacing 
rate can be adjusted to optimize heart rate as 
the patient's condition changes. Third, by ad- 
justing both the rate and the amplitude or pulse 
width, it is possible to extend the longevity of 
the pulse generator. Finally, a much smaller 
stock of pulse generators is required in order to 
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provide each patient with the optimal pacing 
rate. 

Improved technology has also contributed to 
our assessment of dysrhythmias and conduc- 
tion abnormalities. All patients with symptoms 
suggestive of dysrhythmias, plus all those 
thought to be at risk of conduction abnor- 
malities, e.g., patients who have had a Mustard 
procedure [8-10], undergo 24-hour ambula- 
tory ECG monitoring. Presently, we find such 
monitoring most helpful. However, intracar- 
diac studies are indicated in some patients to 
determine which type of pacing is most benefi- 
cial. By assessing AV conduction together with 
temporary atrial, ventricular, or AV sequential 
pacing while measuring cardiac output, the 
best choice of pacemaker can be made. 

As recently as 1976, complete AV block was 
the principal indication for pacing in children 
[6, 11]. Now we see a decreasing incidence of 
surgical AV block and about the same incidence 
of congenital AV block. The large increase in 
the number of children requiring cardiac pace- 
makers is in those with sinus node dysfunction; 
we found that more than two-thirds (6896) of 
our total pacemaker population is now paced 
for that reason. The growing group of patients 
who have had repair of congenital cardiac de- 
fects can be expected to show increasing inci- 
dence of sinus node dysfunction. We believe 
that postoperative patients at risk of dys- 
rhythmias, especially following a Mustard, 
Fontan, or other atrial operation, should have 
routine 24-hour ambulatory ECG monitoring so 
that symptoms can be accurately interpreted. 
-In the child who has syncope or dizziness as- 
sociated with sinus dysfunction, the decision is 
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not a difficult one and virtually all authors agree 
that these symptomatic patients are likely to 
benefit from permanent pacing. However, chil- 
dren who have no symptoms but who have 
sinus node dysfunction detected on standard or 
ambulatory ECG recordings present a thera- 
peutic dilemma because it is unknown which of 
these patients are, in fact, at risk of increased 
morbidity and mortality. Long-term follow-up 
of all such children will eventually enable us to 
make these decisions based on clear data. We 
presently believe that asymptomatic children 
who have severe sinus node dysfunction asso- 
ciated with those forms of intracardiac opera- 
tion known to have an incidence of sudden, 
unexplained death in the postoperative period 
should have pacemakers implanted. This group 
consists primarily of those who undergo atrial 
operations for repair of transposition of the 
great arteries, or the Fontan operation. Other 
children’ with recognized sinus node dysfunc- 
tion but no symptoms and no prior intracardiac 
operation are followed without pacing but are 
watched closely for the development of symp- 
toms. l 

The availability of ambulatory ECG monitor- 
ing and technological improvement in pacing 
hardware have altered our indications for pac- 
ing. Symptomatic sinus node dysfunction is 
now by far our most common indication for 
pacing. 
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Discussion 

DR. FAROUK $. IDRISS (Chicago, IL): In general, I agree 
with Dr. Fleming and his co-workers on the ex- 
panded role of the pacemaker in infants and chil- 
dren. It should be noted that there was an increase of 
16% in their number of patients between the writing 
of the abstract and the presentation of this paper. 
This increase occurred within a 6-month period 
compared with the study period of 1142 years. 

I also agree with the authors on the use of the ex- 
panded pacemaker, the programmable type and the 
demand type, in the sick sinus syndrome, and in the 
intermittent atrioventricular dissociation when the 
heart rate drops below the optimal level for good car- 
diac output. Of course, the use of the 24-hour Holter 
monitor has been very helpful in this area. It also has 
been helpful in postoperative intracardiac physio- 
logical studies and sinus node recovery time. I be- 
lieve that postoperative conduction defects that do 
not recover within two to three weeks will need a 
prophylactic pacemaker if the Holter monitor shows 
a marked decrease in the sinus rate. 

At Children's Memorial Hospital we recently have 
used a simplified technique. The median sternotomy 
incision is extended, and the pacemaker is placed 
anterior to the posterior rectus sheath, not in front of 
the peritoneum where it might slip. The technique 
provides good cosmetic results and allows easy ac- 
cess ta the pacemaker. 

In Dr. Fleming's study, the number of patients 
with sick sinus syndrome seems to be too high 
among those who had undergone a Mustard or Fon- 
tan operation previously. In more than 130 patients 
undergoing a Mustard operation at Children’s 
Memorial Hospital, only 2 had sick sinus syndrome 
that required pacing. Both of them had had a 
Blalock-Hanlon procedure beforehand. We have not 
seen the problem in any of our 10 patients who had 
had a Fontan procedure. 

We have experienced many problems with leads, 
especially the screw-in type. Because of this, we 
presently are changing to another type of lead. 

Dr. Fleming, would you outline the pacemaker in- 
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dications in. transposition of the great vessels? Do 
you place pacemakers prophylactically in that group 
of patients? What are other indications in patients 
with congenital heart block without intracardiac de- 
fect? 


DR. DANIEL W. VAN HEECKEREN (Cleveland, OH): I 
have a couple of technical questions about the elec- 
trodes in pacemakers. My remarks are somewhat in 
line with what Dr. Idriss has just said. My colleagues 
and I reviewed our experience in pacing.36 children 
at Case Western Reserve University. The early series 
of 13 patients, in whom: the Cordis sutured Elgiloy 
electrode was used, had excellent results with neither 


fracture nor exit block. When the sutureless screw-in: 


electrodes became available, we changed. to these. 
With right ventricular placement, usually implanted 
from the subdiaphragmatic approach, we encoun- 
tered three instances of exit block in 15 patients. No 
exit block occurred in six left ventricular insertions. 
Although by statistical test this is not significant, F 
believe it isan important problem that should be ad- 


dressed. It.occurred with both the 3V2-turn and. with. 


' the 242-turn electrode. 

The second point.about children is that sometimes 
they are very small when the pacemaker is im- 
planted. With growth, the distance from the’ pace- 
maker pulse generator to the patient's heart changes. 
In. some of our very small patients, we have useď a 
technique described many years ago by Glenn and: 
Sato. in. which a small envelope of Teflon is used to 


sequester a few coils of electrode. Ordinarily we. 


leave.the excess electrode around the pacemaker, but 
as the patient grows, the fibrous tissue holding the 
electrode fails to allow it to pay out. However, it does: 
pay out from the Teflon “baggy,” as we. noted on 


roentgenograms made several years apart. The dis- 
tance from the heart to the pacer is changed dramati- 
cally, and the electrode slowly but surely uncoils. 


DR. FLEMING: | thank. both. Dr. Idriss and Dr. Van 
Heeckeren for their comments. I think, Dr. Idriss, 
that our 1696 increase in patient volume in a short 
time was partly tlie result. of an electrophysiologist 
joining our pediatric cardiology team. Things come 
out of the wall when: someone with new talents 
studies them.- 

I: certainly agree with your principle of the desir- 
ability of putting. the pulse generator behind muscle 
in children, and I do this. If itis not done, I believe 
there will be a high incidence of erosions. I have no 
quarrel with the idea of. putting the generator in the 
rectus sheath as you do.. j 

In answer to your question about prophylactic use 
of pulse generators in patients with such conditions as 
levotransposition, our present policy is to place the 
wires at the time. of operation in any patient whom. 
we consider to have an unusually high risk of need- 
ing.a pulse: generator either immediately or in the 
future. We do not put in a pulse. generator until. we 
have a:specific indication for pacing. 

Dr. Van Heeckeren, I agree. that there are more 
problems to using the sutureless electrode on the 
right ventricle. I think one has to be very careful not 
to put the sutureless electrode. so far in that the 
bared’ tip of that lead is inside the right ventricle. 
That certainly will give a picture. of exit. block if it 
occurs.. 

The use of the Teflon envelope. is, I think, clever 
and promising: We: are not doing that, and, as I 
mentioned, I have been quite surprised that we have 
not encountered more problems with lead length. 


Acute and Chronic Stimulation Thresholds 
of Intramyocardial Screw-in Pacemaker Electrodes 
David S. Starr, M.D., Gerald M. Lawrie, M.D., and George C. Morris, Jr., M.D. 


ABSTRACT Two screw-in intramyocardial elec- 
trodes were inserted in the left ventricle of each of 6 
mongrel dogs, and the electrical characteristics were 
studied over a six-month period. The unipolar lead 
configuration had consistently better threshold and 
sensing values than the bipolar configuration during 
this period. Peaking between implantation and 3 
weeks later, mean lead thresholds increased signifi- 
cantly (unipolar, 0.4 to 8.2 uJ; bipolar, 0.6 to 10.2 uJ) 
while R wave amplitude decreased (unipolar, 16.6 to 
8.5 mv; bipolar, 10.6 to 5.8 mv). Mean chronic values 
for stimulation thresholds were as follows: unipolar, 
2.6 uJ, and bipolar, 3.1 uJ. Mean values for the R 
wave amplitude were as follows: unipolar, 10.6 mv, 
and bipolar, 7.2 mv. 

Analysis of the results indicated that with certain 
exceptions, the optimum system has 2 intramyocar- 
dial electrodes, 1 in unipolar configuration and 1 
"reserve." In general, adequate values at implanta- 
tion axe a stimulation threshold of 1.4 uJ (e.g., 1.1 v 
at 500 ohms and 0.6 msec pulse width) and an R 
wave amplitude of 5 mv. 


Widespread use has been made of permanently 
implanted pacemakers with electrodes attached 
intramurally to the ventricular myocardium or 
in contact with the right ventricular endocar- 
dium by the transvenous route. Both methods 
have strong advocates and provide practicable 
alternatives in individual patients [1-8]. 

The high incidence of transvenous electrode 
dislocation, up to 18% in some series [2], has 
resulted in a continued interest in intramyocar- 
dial electrodes [1, 5, 7, 8]. In addition, the de- 
velopment of reliable intramyocardial elec- 
trodes of the screw-in type [9], improvement in 
the electrode introducer [10], and use of the 
subcostal or subxiphoid approach for electrode 


From the Cora and Webb Mading Department of Surgery, 
Baylor College of Medicine, Houston, TX. 


Accepted for publication Aug 15, 1980. 


Address reprint requests to Dr. Starr, 1393 Mt. Everett, 
Hubbard, OH 44425. 


insertion [11] have led to wider use of this elec- 
trode and reduction in operative mortality 
during its insertion to a level comparable to that 
of transvenous electrodes [11-14]. 

Despite the increasing use of myocardial 
electrodes of the screw-in type [9] since their 
introduction in 1973, few data are available on 
the acute and chronic changes in threshold po- 
tential following intramyocardial insertion of 
the leads. This study was designed to investi- 
gate the acute and chronic stimulation thresh- 
olds and sensing characteristics of the screw- 
in intramyocardial electrodes in laboratory 
animals. 


Material and Methods 

Six healthy mongrel dogs weighing 20 to 25 kg 
were anesthetized with sodium pentobarbital 
(Nembutal), 25 mg per kilogram of body 
weight, and endotracheal tubes were inserted 
for positive-pressure ventilation. A left an- 
terolateral thoracotomy was made and the 
pericardium divided. At implantation, 2 intra- 
mvocardial screw-in electrodes were placed in- 
to the left ventricular muscle of each dog. The 
first was put immediately to the left of the distal 
third of the left anterior descending coronary 
artery, while the second was placed 2 cm 
superior to the first, also immediately lateral to 
the left anterior descending coronary artery. 
This distance was confirmed by measurement 
(Fig 1). The leads were then brought out of the 
chest cavity posterolaterally and stored under 
the skin between the scapulae. The pericardium 
was closed, and the chest cavity was closed in 
layers. A single chest tube was removed after 
evacuation of air. The endotracheal tube was 
removed as the animal recovered from anes- 
thesia. 

The minimum levels of voltage and current at 
0.6 msec square-wave pulse width needed to 
produce reliable stimulation of the myocardium 
were used to define stimulation threshold. At 
intervals of 1, 2, 3, 6, 9, 13, 17, 20, and 25 weeks 
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Fig 1. Placement of the 2 intramyocardial screw-in 
electrodes. 


after implantation, the dogs were lightly anes- 
thetized with Nembutal, and the leads were re- 
trieved from the dorsal skin pouch by entering 
the skin incision. The myocardial stimulation 
thresholds were determined by a pacing system 
analyzer (PSA) (Medtronic 5300; pulse width, 
0.6 msec). Then the leads were placed back 
in the subcutaneous pouch, and the skin was 
closed. 

The pacing leads were of the screw-in type 
(Intermedics 471 series) with an improved 
(easy-releasing) introducer. The stimulating tip 
is 90% platinum and 10% iridium and has a 
surface area of 8 mm^, allowing high-current 
density at the elecirode-myocardial junction 
[15]. 

The lead under investigation always received 
a negative impulse. since this gives an ap- 
proximately 1596 lower threshold [16]. The sec- 
ond electrode for the stimulator source was at- 
tached to the skin (unipolar) or to the other lead 
(bipolar). 

The amount of energy delivered to the 
myocardium at threshold levels of voltage and 
current was calculated by the formula: | 


Energy = (C/2)V*(1 — exp[ -2(pw)/R,C]) 


where C = output capacitance of the PSA (22. 


HF), V = threshold voltage, exp = exponential 
function, pw = pulse width (0.6 msec), and R, 
= measured impedance. 

Variances of the means for threshold energy 
and R wave voltage were calculated using an 
analysis of variance. Differences between these 
means ‘were tested for significance using the 
Student f test. 


In order to more accurately define the in- 
creases in threshold and decreases in R wave 
amplitude that occur after electrode implanta- 
tion, the following ratios were calculated: acute 
threshold increase factor = peak value of stimu- 
lation threshold (uJYinitial value of stimulation 
threshold (uJ); and chronic threshold increase 
factor = chronic value of stimulation thresh- 
old (u]yfinitial value of stimulation threshold 


(uJ). 


Results 

Unipolar Configuration 

Stimulation thresholds at 0.6 msec were not 
more than 1.0 pJ at implantation (mean, 0.4 
uJ; range, 0.1 to 1.0 uJ), but increased rapidly 
during the first week to an average of 8.2 
Bj (range, 4.4 to 19.9 uJ) (Fig 2). Thereafter, 
thresholds decreased gradually to a chronic 
level of 1.8 uJ at 25 weeks. Stable chronic values 
were reached at about 9 weeks. 

R wave amplitude was high on implantation 
(mean, 16.6 mv; range, 10 to 23.4 mv) but de- 
creased rapidly, reaching a minimum value of 
8.5 mv (range, 5.4 to 14.2 mv) at 3 weeks (Fig 3). 
It then increased gradually to reach stable 
chronic values at about 9 weeks. Mean value at 
25 weeks was 10.2 mv (range, 6.4 to 14.6 mv). 


Bipolar Configuration 

Stimulation thresholds for the bipolar config- 
uration were consistently higher than those of 
the unipolar arrangement (see Fig 2) (p « 
0.001). Thresholds were relatively low at im- 
plantation (mean, 0.6 LJ; range, 0.1 to 1.7 uJ) 
but increased rapidly, reaching peak values at 
about 1 week (mean, 10.2 uJ; range, 1.0 to 18.3 
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Fig 2. Stimulation thresholds from the time of implanta- 
tion to 25 weeks later. (up = unipolar; bp = bipolar.) 


336 The Annals of Thoracic Surgery Vol 31 No 4 April 1981 


R wave (mV) 





Fig 3. R wave amplitudes from the time of implantation 
to 25 weeks later. (up = unipolar; bp = bipolar.) 


pj). After this, threshold values gradually de- 
creased to stable chronic levels at about 9 
weeks. At 25 weeks, mean stimulation thresh- 
old was 3.1 uJ (range, 0.7 to 8.3 yj). 

Bipolar R wave amplitude was consistently 
lower than with the unipolar configuration (see 
Fig 3) (p « 0.001). Values at implantation were 
high (mean, 10.6 mv; range, 4.0 to 19.0 mv) but 
decreased rapidly to a minimum at 1 week 
(mean, 5.8 mv; range, 0 to 15.4 mv). Thereafter, 
voltages increased to reach fairly stable chronic 
values at about 9 weeks. Chronic levels at 25 
weeks were as follows: mean, 6.2 mv; range, 0 
to 14.0 mv. 


Threshold Increase Factors 

Increases in threshold energy from implanta- 
tion values both acutely and chronically are 
conveniently measured by the use of threshold 
increase factors (see Material and Methods). 
Acute threshold increase factors varied con- 
siderably (mean, 21.1; range, 4.4 to 29.7) but 
were generally higher than the chronic 
threshold increase factors (mean, 6.03; range, 
1.2 to 20.5). 

UNIPOLAR CONFIGURATION. Acute threshold 
increase factors varied considerably (mean, 
21.1; range, 4.4 to 29.7). However, they were 
generally higher than the chronic threshold in- 
crease factors (mean, 6.03; range, 1.2 to 20.5). 

BIPOLAR CONFIGURATION. Acute threshold 
increase factors were greater than for unipolar 
configuration (mean, 40.0; range, 3.4 to 261.1) 
(p « 0.01). Chronic threshold increase factors 


were lower (mean, 5.03; range, 1.2 to 13.6), as 
with the unipolar lead configuration. 
UNIPOLAR VERSUS BIPOLAR CONFIGURATION. 
The unipolar configuration gave significantly 
lower thresholds (p < 0.001) in acute and 
chronic. situations than the bipolar configura- 
tion. In addition, the acute threshold increase 
factors were significantly less (p < 0.001) for the 
unipolar electrodes. However, there was no 
difference between the chronic threshold in- 
crease factors for the unipolar and bipolar con- 
figurations (see Comment). 


Comment 

Published information on postoperative and 
late threshold levels is scanty and is confined, 
in general, to transvenous. endocardial elec- 
trodes [17-21]. However, it is of paramount 
importance that the surgeon implanting the 
new screw-in intramyocardial electrode obtain 
adequate stimulation thresholds and R wave 
amplitude in order to avoid loss of pacing and 
loss of sensing, respectively, and use a bipolar 
or unipolar configuration as appropriate in the 
clinical situation. 


Acute Increase in Threshold 
The rapid rise in thresholds over the first weeks 
after electrode implantation has been noted also 
in endocardial [21], epicardial [16], and myo- 
cardial electrodes implanted in the right 
ventricle [17, 20]. Initial threshold values varied 
(Table) in these series but the acute threshold 
increase factors (see Material and Methods) 
were relatively constant (range, 3 to 4). In the 
individual lead, however, the threshold in- 
crease can be substantially higher than this 
(range, 3.4 to 49.0 in the present series). To en- 
sure constant capture postoperatively with the 
usual 5 v stimulus at 0.6 msec, the energy 
threshold at implantation should be 0.66 uJ 
(which corresponds to 0.8 v at 500 ohms) or less. 
This assumes the limiting case of a threshold 
increase factor of 49.0. If, however, a short 
period of threshold rise with temporary or in- 
termittent loss of pacing is admissible, a smaller 
sdfety factor of 6.03 is adequate to ensure con- 
stant capture chronically, giving a maximum 
implantation threshold of 1.38 uJ (1.1 v at 500 
ohms). 

Such values, although obtained experimen- 
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Published Values of Threshold Increases for Different Electrode Placements 


neni tN CT Tt 


Author Type of Electrode 


Albert et al [17] Myocardial wires, 
right ventricle 

Epicardial 

Endocardial 

Screw-in myocardial, 
left ventricle 


Dekker et al [16] 
Wahlberg et al [21] 
Starr et al 

[this report? 
? Values in milliamps for comparison. 
UP = unipolar; BP = bipolar. 


tally in dogs with healthy myocardium, give ex- 
cellent results when used as guides in the clini- 
cal situation [22]. However, in the majority of 
patients requiring pacing, temporary or inter- 
inittent loss of pacing during the short period of 
threshold rise is tolerated well. In this situation, 
a safety factor of 6.03 is adequate to ensure con- 
stant capture chronically, in both unipolar and 
bipolar leads, giving a maximum implantation 


. threshold of 1.38 pJ. 


Unipolar versus Bipolar Configuration — 

The unipolar lead configuration is inherently 
more suitable for routine use since the stimula- 
tion threshold is consistently lower and the R 
wave amplitude consistently higher than in the 
bipolar node. This occurs because the "second 
electrode" in the unipolar node is the pace- 
maker case, which has a considerably larger 
area than the corresponding second electrode in 
the bipolar node. Muscle twitching, previously 
a major problem with early model pacemakers 
in this configuration, was due to the wide pulse 
width (1.5 to 2.5 msec) and consequent high 
energy output (15 to 20 uJ) in early pacemakers 
[17]. Muscle twitching has not, in general, oc- 


curred using recent models with pulse widths 
_ of 0.6 to 1 msec and consequently lower energy 


output. In addition, although accidental pace- 
maker inhibition from external electrical fields 
is more likely to occur with the unipolar config- 
uration, improved filter circuitry in the pace- 
makers has made it unlikely that this problem 
will arise. 

The bipolar configuration, in general, gives 
higher stimulation thresholds and markedly 
lower R wave amplitudes than the unipolar 


Threshold at Pulse Mean Thresh- 
Implantation Width old Increase 
(ma) (msec) Factor 

1-2.5 5 20 1.5-3.0 

2.0 ^ — 18 3.0 

0.6 1.0 3.7 

1.0 UP; 1.0 BP 0.6 2.9 UP; 3.1 BP 


configuration. However, fortuitous lead place- 
ment occasionally can give lower thresholds 
than the unipolar configuration. In these in- 
stances, the bipolar configuration should be 
used, if the R wave amplitude is satisfactory. R 
wave amplitude in the bipolar configuration is 
very dependent on lead placement and, with a 
few exceptions, is much lower than in the uni- 
polar configuration. However, temporary loss 
of sensing is much less significant clinically 
than loss of pacing, and unless initial R wave 
amplitude is less than 5 mv, in which case a 
unipolar configuration can be used, a bipolar 
configuration will give satisfactory long-term 
sensing. l 

The bipolar configuration is inherently less 
susceptible to inadvertent pacemaker inhibi- 
tion by external electromagnetic fields. It should 
be used, for example, in patients who work in 
electrical plants. In addition, muscle twitching 
does not occur with bipolar configuration. 
Therefore, any high-output pacemaker should 
be used in a bipolar configuration. 

Lead placement is important with the 
screw-in myocardial electrode. Right ventric- 
ular placement of the lead, although easier 
through the subcostal or subxiphoid approach, 
has both operative and electrical disadvan- 
tages. The right ventricular wall, being con- 
siderably thinner, is much more easily lacerated 
than the left ventricular muscle. In addition, the 
commonly used three-turn screw-in lead (In- 
termedics 471-03 and 471-04) has a maximum 
penetration of 5 mm and can enter the right 
ventricular cavity. When this occurs, bleeding 
is more likely, and although pacing thresholds 
are usually low (due to high-current density in 
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the remaining intramyocardial part of the elec- 
trode), R wave amplitude is usually severely 
reduced. For these reasons, left ventricular 
implantation of the lead is recommended, al- 
though this may necessitate retraction and ro- 
tation of the heart during implantation from 
below [22]. : 

Apart from. the exceptions mentioned, the 
unipolar configuration should be used because 
of its superior electrical characteristics. At im- 
plantation, while the heart is exposed, a second 
intramyocardial lead should be inserted and the 
end left in the pacemaker pouch, accessible 
under local anesthesia in case of development 
of "exit block" (high chronic threshold) in the 
first lead. In general, an implantation threshold 
less than 1.4 uj will ensure satisfactory chronic 
threshold levels (about 2.6 uJ) and also prevent 
" temporary loss of pacing postoperatively. In 
pacemaker-dependent patients in whom even 
temporary loss of pacing is unacceptable, an 
implantation threshold of 0.66 uJ or less at 0.6 
msec is required. R wave amplitude is less 
critical, the main requirement being adequate 
sensing in the chronic situation. Since modern 
pacemakers require a chronic R wave amplitude 
of 2 to 3 mv for adequate sensing, and the mean 
chronic R wave decreased factor for the unipo- 
lar configuration is 0.71, R wave amplitude 
should be 4.2 mv or more at implantation to 
achieve chronic sensing. To achieve sensing 
also during the postoperative period, an R wave 
amplitude of 5.7 mv or more is required. 
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St. Thomas Cardioplegia Versus Topical Cooling: 
Ultrastructural and Biochemical Studies in Humans 


Willem Flameng, M.D., Marcel Borgers, Ph.D., Willem Daenen, M.D., 
Fred Thoné, Will A. Coumans, Ger J. Van der Vusse, Ph.D., 


and Georges Stalpaert, M.D. 


ABSTRACT Transmural left ventricular biopsies 
were studied from 28 patients undergoing car- 
diopulmonary bypass with anoxic cardiac arrest. The 
myocardium was protected by topical cooling (20? C) 
(Group 1, 15 patients) or by cardioplegia with St. 
Thomas' solution (Group 2, 13 patients). Biopsies 
were taken at the start of bypass and 3 to 5 minutes 
after unclamping of the aorta. Mean cross-clamp 
time was not significantly different between the 
groups (50 minutes for Group 1 and 53 minutes for 
Group 2; p > 0.05). 

The ultrastructural changes induced by ischemia 
and subsequent reperfusion were almost exclusively 
related to the mitochondria. The degree of mito- 
chondrial damage was evaluated by a semiquantita- 
tive analysis based on mitochondrial fine structure. 
The frequency of severe postischemic mitochondrial 
damage was significantly higher in Group 1 (20.196 
verus 2.7% in Group 2; p « 0.05). 

Biochemical analysis of the biopsies indicates that 
the myocardial concentration of creatine phosphate 
decreases by about 5096 after topical cooling (p « 
0.05). With St. Thomas cardioplegia, no significant 
change in the tissue level of this high-energy phos- 
phate takes place. The results show evidence of the 
superiority of the St. Thomas cardioplegia to topical 
cooling alone. 


Protection of the ischemic myocardium is still 
one of the major problems in cardiac opera- 
tions. Since coronary perfusion is shown to 
have serious disadvantages [1-3], other tech- 
niques of elective cardiac arrest in combination 
with cardiopulmonary bypass are widely used. 
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Protection of the anoxically arrested heart by 
topical hypothermia, for example, is well doc- 
umented [3-5] and, in general, is accepted. The 
idea of “cardioplegic” protection was initially 
abandoned after a brief but unsuccessful trial 
with highly concentrated potassium citrate as a 
cardioplegic solution [6]. The topic, however, 
has regained popularity in the last five years, 
and a plethora of cardioplegic procedures has 
been developed. In the United States mainly, a 
series of hyperkalemic solutions is used con- 
taining potassium in concentrations between 
15 to 30 mEq per liter [7-11]. Although the 
rationale of all cardioplegic solutions is to pre- 
vent cell excitation and thereby conserve myo- 
cardial stores of high-energy phosphates, each 
type of cardioplegia has a different biochemical 
basis. Fundamental research on cardioplegia 
was done in Europe by Bretschneider, Kirsch, 
Hearse, and others. Bretschneider [12, 13], for 
example, removed sodium and calcium from 
the solution and added procaine hydrochloride. 
Kirsch [14], on the other hand, used mag- 
nesium aspartate, procaine, and sorbitol. Based 
on excellent studies using the isolated rat heart 
model, Hearse, Braimbridge, Jynge, and co- 
workers [15, 16] developed their own cardio- 
plegic solution, which is known as the St. 
Thomas cardioplegia. The biochemical basis of 
this solution is complex: (1) the solution is 
hyperkalemic; (2) procaine is added; (3) there is 
an optimal dose of magnesium; (4) the solution 
has an ideal buffering capacity; and (5) the 
composition of the medium resembles that of 
extracellular fluid [15]. 

However, appropriate comparisons among 
all these cardioprotective techniques are very 
difficult in the clinical setting. Too many 
studies are based only on comparison of mor- 
tality figures or on the need for inotropic sup- 
port after weaning from cardiopulmonary 
bypass. More sophisticated methods of study- 


340 The Annals of Thoracic Surgery Vol 31 No 4 April 1981 


ing myocardial protection are available: bio- 
chemistry [8, 17], histochemistry [16, 18], and 
ultrastructure [18] were shown to be useful 
tools. The aim of the present study was to com- 
pare the ultrastructural and biochemical altera- 
‘tions in human hearts after anoxic arrest pro- 
tected by the St. Thomas cardioplegia with 
those in the myocardium of patients after 
anoxic arrest protected by topical cooling. 


Materials and Methods 

Twenty-eight adult patients were studied dur- 
ing routine cardiac operations. All patients 
underwent isolated aortic valve replacement. 
Cardiopulmonary bypass was performed with a 
Bentley Spiraflo disposable blood oxygenator 
(BOS-10). The left ventricle was vented through 
the apex. 

In Group 1, 15 patients, topical cooling was 
used to protect the myocardium. After initial 
mild (28°C) general hypothermia was obtained, 
the aorta was cross-clamped. Then, topical 
cooling of the heart was performed by filling 
the pericardial cavity with iced slush (glucose 
5%), replenished as necessary to keep the 
septal temperature between 17° and 22°C (aver- 
age, 20°C). 

In group 2, 13 patients, St. Thomas cardiople- 
gia was employed. After general hypothermia 
to 28°C was achieved, the aorta was cross- 
clamped. Immediately after cross-clamping, the 
root of the aorta below the clamp was perfused 
for 5 minutes with the cardioplegic solution 
(4°C), 10 ml per kilogram of body weight. This 
solution was infused from a reservoir. The infu- 
sion cannula was inserted through a purse- 
string suture into the root of the aorta. Perfu- 
sion pressure in the aortic root was 110 mm Hg. 
In patients with aortic insufficiency, cannula- 
tion of the coronary orifices was necessary to 
infuse the solution. The temperature of the 
myocardium was followed continuously. The 
cold cardioplegic solution was reinfused every 
20 minutes. The time-temperature curve is 
shown in Figure 1. The composition of the infu- 
sion was as follows: 


NaCl 92 mmole/L 
NaHCo, 25 mmole/L 
KCl 15 mmole/L 


MegsO,:7H,O 1.2 mmole/L 


CARDIOPLEGIA 
FIRST DOSE 


CARDIOPLEGIA 
SECOND DOSE 


MYOCARDIAL TEMPERATURE [ °C) 
` INTERVENTRICULAR SEPTUM (#SD) 


0 10 20 30 40 50 60 
AORTIC CROSS CLAMP TIME (minutes) 


Fig 1. Myocardial (septal) temperature with respect to 
time during cardiac arrest induced by cross-clamping of 
the aorta and infusion of St. Thomas cardioplegia. Data 
are mean values + standard deviation of 6 patients un- 
dergoing aortic valve replacement. Twenty minutes 


' after aortic cross-clamping, the cardioplegic solution 


was reinfused. 


MgCl, -6H,O 15 mmole/L 
KH;PO, 1.1 mmole/L 
CaCL:2H,O 1.2 mmole/L 


Biopsy Technique 

Full-thickness needle biopsies (Tru-Cut, Tra- 
venol biopsy needle) were obtained from the 
apex (control biopsy after cannulation but be- 
fore venting of the left ventricle) and from left 
ventricular free wall (second biopsy during the 
early phase of reperfusion [3 minutes] at the 
end of surgical repair) For the histological 
studies, the biopsy was removed in such a way 
that it was possible to identify the endocar- 
dial and epicardial zones. From these zones, 
specimens were taken and fixed by immersion. 
For the biochemical study, the biopsy was im- 
mediately (within five seconds) cooled in liquid 
nitrogen and stored at —80*C. In this case, no 
attempt was made to divide the specimen into 
endocardial and epicardial zones. 


Electron Microscopy 
The samples were fixed in 3% distilled 

glutaraldehyde buffered to 7.4 pH with 0.09 M 
potassium oxalate for two hours at 4°C. After 
fixation they were thoroughly washed in the 
same buffer supplemented with 0.22 M sucrose. 
Postfixation was done in 196 osmium tetroxide 
buffered to pH 7.4 with 0.05 M veronal acetate 
containing 0.093 M sucrose for an hour at 4°C. 
Rinsing was carried out in the same buffer 
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containing 0.22 M sucrose. The tissue samples 
were dehydrated in graded series of ethanol 
and routinely embedded in Epon. 

For gross observations of any altered myo- 
cardial areas, semithin sections (2 mw) of the 
Epon-embedded material were examined after 
polychrome staining. Ultrathin sections of 
these parts were examined in a Philips EM 300 
after they were stained with uranium acetate 
and lead citrate. Only ultrastructural changes in 
the mitochondria were evaluated semiquan- 
titatively. Changes in other cell organelles and 
components are described only. 

In each biopsy, several electron micrographs 
were made of each layer (subepicardial and 
subendocardial). For every mitochondrion, the 
following grading was done: 


1. No damage: normal ultrastructure of the 
mitochondrion 

2. Slight damage: normal ultrastructure of the 
cristae and matrix but absence ot granular 
deposits 

3. Severe damage: loss of matrix granules and 
clarification of the matrix without breaking 
of cristae; or loss of matrix granules and 
uniform clarification of the matrix with dis- 
ruption of cristae; also possibility of "'fo- 
cal condensation": the flocculent densities 
differ in size from ordinary mitochondrial 
granules by having at least twice the usual 
diameter; or loss of matrix granules, uniform 
disruption of cristae, and loss of integrity of 
the mitochondrial membranes. 


Seven hundred to 800 mitochondria per bi- 
opsy were scored, and the percentage of each 
category of mitochondria was calculated. All 


micrographs were examined in a blind fashion. 
The results were analyzed by means of the Stu- 
dent t test. 


Biochemical Analysis 

The frozen biopsies were freeze-dried, and 
adhering dried blood was subsequently re- 
moved. The remaining dried tissue was 
crushed with a glass rod in a water-acetone 
(50:50) mixture, containing 2 mM ethylenedi- 
aminotetraacetate and 4% perchloric acid at 
a temperature of —15°C. The extraction me- 
subsequently neutralized with 
TRIS-potassium hydroxide. Adenosine tri- 
phosphate (ATP) and creatine phosphate were 
analyzed with a fluorometric technique accord- 
ing to Drake [19]. This method is a modification 


dium was 


of the technique described by Lamprecht and 
co-workers [20, 21]. 


Results 

Ischemia-induced Alterations in 
Myocardial Structure 
MITOCHONDRIAL SCORE. Table 1 summarizes 
the mean data and statistical analysis in both 
groups of patients. In the preischemic biopsies, 
severely damaged mitochondria were virtually 
absent and the percentage of slightly damaged 
mitochondria was relatively small. In the post- 
ischemic biopsies from both groups, the fre- 
quency of slightly damaged mitochondria in- 
creased (p < 0.05) to 60 to 70%. In the group 
that received topical cooling, however, the per- 
centage of severely damaged mitochondria in- 
creased to 2096 on the average, which is signifi- 
cantly higher than in the cardioplegia group (p 
« 0.05). In the latter group, the percentage of 
severe damage remained very small (2.7%). 


Table 1. Semiquantitative Evaluation of Mitochondrial Damage” 





Slightly Damaged 
Mitochondria (90) 


Severely Damaged 
Mitochondria (96) 


Before After Before After 
Group ischemia ischemia ischemia ischemia 
1: Topical cooling 21:1 * 154 62.2" € 266 OT 2 i2 20.1" + 224 
2: Cardioplegia 13.2 + 16.4 72.7' $ 185.5 0.3 + 0.4 244 15 


?Data are mean values + standard deviation. 
"Significantly different from preischemic value: p < 0.05. 


“Significantly different from the corresponding value in Group 1: p < 0.05. 
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Fig 2. (A) Control biopsy from the subendocardium of a 
patient in Group 1 (topical cooling). Two myocardial 
cells are shown separated by the extracellular space 
(ES). It contains several capillary vessels (CAP). (RBC 
= red blood cells; SL = sarcolemma; MIT = mitochon- 
dria.) (X5,500.) Inset shows mitochondria at high mag- 
nification. Typical matrix granules are present. (B) Sub- 
endocardial biopsy from the same patient after 51 min- 
utes of aortic cross-clamping and 5 minutes of sub- 
sequent reperfusion. The myocardium is well preserved. 
There is some intracellular edema (arrows). The mito- 
chondria show various degrees of ischemic injury. 

( X12,500.) (Inset) Some of the mitochondria show 
clarification of the matrix with breakage of the cristae. 


Figures 2 and 3 show typical electron mi- 
crographs of preischemic and postischemic 
biopsies in hearts protected by topical cooling 
or St. Thomas cardioplegia. 

NUCLEAR CHANGES. Margination and clump- 


ing of chromatin was not seen in any of the 
myocardial samples. 

GLYCOGEN CONTENT. No attempt was made 
to quantify glycogen content. Glycogen seemed 
to be reduced predominantly in the suben- 
docardium in the group with topical cooling (5 
out of 10 specimens compared with 1 out of 10 
for the subepicardium). In the group with car- 
dioplegia, on the other hand, reduction of 
glycogen occurred in both subendocardium and 
subepicardium variably. 

THE CONTRACTILE SYSTEM. No ischemic 
damage (myofibrillar lysis) was done to the 
contractile apparatus. Contraction bands were 
»resent to some degree in all specimens, in the 
preischemic as well as the postischemic ones. 
There was no difference in the severity of these 
lesions between groups. 


INTRACELLULAR EDEMA. When intracellular 


E s 
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edema was seen, it was usually in the areas ad- 
jacent to a contraction band. There was a slight 
increase in intracellular edema in the post- 
ischemic biopsies. 


Biochemical Findings 

To investigate the potency of topical cooling 
and St. Thomas cardioplegia to prevent loss of 
high-energy phosphates in myocardial tissue 
during ischemia, we measured the content of 
ATP and creatine phosphate in transmural 
biopsies taken before and after aortic cross- 
clamping. The data in Table 2 show that the 
concentration of ATP remained virtually unaf- 
fected in both groups. However, a reduction of 
about 50% in the concentration of creatine 
phosphate took place when the ischemic 
myocardium was preserved by topical cooling. 





In contrast, the myocardial concentration of 
creatine phosphate in the group of patients who 
received St. Thomas cardioplegia did not 
change. 


Clinical Outcome 

All patients recovered from the operation. No 
patient in Group 1 or Group 2 required ino- 
tropic drugs in the postoperative phase. There 
were no hospital or late deaths. 


Comment 

On the basis of available experimental data, the 
rationale of the solution composition of the St. 
Thomas cardioplegia seems well documented. 
In the rat heart model, the St. Thomas solution 
is an effective protective agent under nor- 
mothermic as well as hypothermic conditions. 
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Fig 3. (A) Detail of a subendocardial biopsy from a pa- 
tient in Group 2 (St. Thomas cardioplegia). The mito- 
chondria contain their typical granules. (B) The same 
layer after 56 minutes of cross-clamping and 5 minutes 
of reperfusion. The mitochondria are structurally nor- 
mal but have lost their matrix granules. (Both 
x22,150.) 


Table 2. Myocardial Concentrations of Adenosine Triphosphate and Creatine Phosphate 
before and after Aortic Cross-Clamping" 


EEE 








Adenosine Triphosphate Creatine Phosphate 
(umole/gm dry weight) (uumole/gm dry weight) 
Before After Before After 
Group ischemia ischemia Difference" ischemia ischemia Difference" 
—— M ———— ÁÓÀ € € € 
1: Topical cooling 19.8 * 6.] 17.0 = 3,9 4.6 + 6.2 33.2 + 9.8 17.0 + 10.6 16,2 € 10.2 
(n — 6) (NS) (p « 0.05) 
2: St. Thomas 13.0 + 42 145 £28 4154337 28.8 + 152 32,5 £ 18.8 353562 
cardioplegia (n — 6) (NS) (NS) 





aData are mean values + standard deviation. 
"Difference between preischemic and postischemic values. 


NS = value not significantly different from control; p < 0.05 = postischemic values significantly different from preischemic values. 
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In a clinical study by Braimbridge and col- 
leagues [16], myocardial preservation by cold 
St. Thomas cardioplegia was assessed by 
cytochemical grading of myocardial biopsy 
specimens. In operations for aortic valve re- 
placement with an aortic occlusion time of 90 
minutes, the St. Thomas solution and continu- 
ous coronary perfusion (32°C) afforded a similar 
degree of preservation except that the inner half 
of the myocardium was markedly better pre- 
served by cold cardioplegia. In our present 
study, we found only minor ultrastructural 
alterations after 38 to 78 minutes of cardiac ar- 
rest in the group with multidose St. Thomas 
cardioplegia. As assessed with the electron 
microscope, the St. Thomas cardioplegia was 
superior to topical hypothermia alone. After 
hypoxia, anoxia, or ischemia, the mitochon- 
drial granules diminish almost immediately [22]. 
Therefore, an optimal technique of myocardial 
sampling and fixation is required when mito- 
chondrial ultrastructure is used as an estimate 
of ischemic damage. In a previous study, we 
demonstrated that our technique allows the 
preparation of undamaged sections from nor- 
mal human myocardium [18]. Also in that 
study, 80 to 90% of the mitochondria of the 
control biopsy revealed a normal structure, i.e., 
preservation of mitochondrial granules. Swell- 
ing of the mitochondrial matrix and shrinkage 
of the cristae have frequently been noticed as 
very early changes gradually occurring after 
hypoxia, anoxia, or ischemia. Swelling of the 
mitochondria can occur after only a few min- 
utes. If the metabolism returns to normal, these 
changes quickly reverse themselves [23]. Break- 
age of the cristae and the outer mitochondrial 
membrane, however, is thought to be an ir- 
reversible injury to the mitochondrion [24]. 
Based on these mitochondrial changes, which 
reflect the progression of the ischemic injury 
[24], we developed our scoring system. 

In hearts protected by topical cooling (20°C), 
only moderate subcellular injury was found 
after 37 to 70 minutes of aortic cross-clamping. 
This is in agreement with the study of Engedal 
and associates [25] who reported that most mi- 
tochondria in their series were structurally 
normal with topical cooling to 16°C. Consider- 
able reduction of ultrastructural damage to the 


myocardium after anoxic arrest was also dem- 
onstrated in dogs when topical cooling was 
used [5]. 

The excellent preservation of myocardial ul- 
trastructure with St. Thomas cardioplegia is in 
clear contrast to the findings of Schaper and 
co-workers [26] and Schaper and ourselves [27] 
when we used the electron microscope to study 
the tolerance to ischemia of human hearts in 42 
patients operated on using Kirsch cardioplegia. 
In patients with cross-clamp times ranging 
between 40 and 60 minutes, which is compara- 
ble with the duration of ischemia in the present 
study, swollen mitochondria with fragmented 
cristae and clearing of the matrix were a com- 
mon finding. There were no normal matrix 
granules. The nuclei were swollen too, and 
marginal clumping of chromatin was seen. Loss 
of the outer mitochondrial membranes was 
found regularly. These striking differences in 
ultrastructural alterations are once more indic- 
ative of the inefficacy of the Kirsch solution. 
This was shown previously in the experimental 
setting [28, 29]. 

Tissue concentrations of ATP and creatine 
phosphate provide a sensitive metabolic indi- 
cator of ischemic damage of the myocardium 
during aortic cross-clamping [17]. Reduction of 
myocardial creatine phosphate levels by about 
50% in Group 1 indicates that topical cooling 
did not completely protect the myocardium 
during ischemia. However, since ATP levels 
were not affected, the conclusion can be drawn 
that the ischemic damage in this group of pa- 
tients was not severe. Reduction in creatine 
phosphate levels will precede the degradation 
of ATP, since phosphate is rapidly transformed 
from creatine phosphate into ATP by creatine 
phosphokinase [30]. The unaffected ATP and 
creatine phosphate concentrations in Group 2 
show that St. Thomas cardioplegia provides a 
good preservation of the high-energy phos- 
phate stores in the ischemic myocardial tissue. 

In conclusion, our study demonstrated two 
points. (1) Ischemic damage to the myocardium 
after 30 to 70 minutes of cardiac arrest in 
topically cooled hearts is not severe. (2) Mul- 
tidose St. Thomas cardioplegia preserves both 
myocardial ultrastructure and high-energy phos- 
phate stores better than topical cooling alone. 
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Announcing 
an important 
achievement 
in the 
prevention of 
postsurgical 
thrombo- 
embolism. 








Where deep-vein thrombosis was 
detected by tagged fibrinogen up- 
take, 52 patients were found to have 
bilateral thromboses: 47 in the con- 
trol group (28.796) and only 5 in the 
Calciparine group (10.496). In addi- 


Number of limbs with deep-vein 


tion, 49 patients in the control 
thromboses and extent of thromboses 


group (29.996) had thromboses ex- within limbs. 
tending above the knee compared 139- 
to only 5 patients (10.496) in the — 


110- me; Control 
EE Calciparine 


Calciparine group (a 65% reduc- 






tion). 00 
"H 
Similarly, where deep-vein throm- 480 
bosis was detected by autopsy, 18 & 79- 
control patients had thromboses — * « 
extending above the knee and 13 ^ i 


patients had bilateral thromboses. 40 
Only three Calciparine patients had 30- 
above-the-knee extensions and only 2° 
one Calciparine patient had bilat- 10- 
eral thromboses."? 


i 
Adapted from Kakkar, V.V., et al.: Lancet 2:45, July 12, 1975 


THE SAFETY 


The safety data 
established: Calciparine 
(brand of heparin calciu 
injection) causes no 
increase in significant 
surgical bleeding. 


There was a slight increase in the 
cidence of wound hematoma in tl 
group that received Calciparine (; 
proximately 296), but none requir 
drainage. There were no significa 
differences between the groups ii 
transfusion requirements or 

postoperative hemoglobin levels. 
Calciparine also had no effect on | 
incidence of wound dehiscence?” 
Most significantly, Kakkar et al., th 
authors of the report on the multi 
center trial, found no significant ¢ 
ference between the groups in th 


incidence of serious hemorrhage 


An illustration of its safety: unlike 
ventional anticoagulant therapy, k 
dose heparin usually requires no 
Oratory monitoring in patients wi 


normal baseline coagulation para 


Incidence of bleeding complications 


Statistic 
Control Calciparine Signific 
Fall in postoperative 0.7 (mean) 1.0 (mean) N.S. 


hemoglobin 
(2/100 ml) 


Patients requiring 202 (27.1%) 202 (27.1%) N.S. 


transfusion 


Excessive blood loss 126 (6%) 182 (9%) 


during surgery 


Development of 117 (5.6%) 158 (7.7%) (p<0.C 


wound hematoma 


* 


*Subjective, non- blinded evaluation 


THE PROOF 


The multicenter 
trial of Calciparine in over 


4100 patients—the largest 


and most comprehensive 
study on prophylactic low- 


dose heparin. 


This multicenter trial of Calciparine” 


conducted at 28 hospital centers in 


11 countries around the world, in- 


cluded 4121 patients over the age of 


forty who were undergoing elective 


major surgical procedures. The pa- 


tients were randomly assigned to 


either a control group (2076 pa- 


uents) or the Calciparine group 


(2045 patients). Both groups were 


well matched ‘or factors which 


could predispose to thromboem- 


bolism, such as age, sex, weight and 


blood group. 


Calciparine —reduced the 
incidence of pulmonary embolism. 


Of 180 patients who died in the 


study, 125 were autopsied. The re- 


Incidence of pulmonary embolism 


Control 
Number of deaths 100 


trom all causes 


Deaths caused by 16 
pulmonary embolism 

(verified at autopsy ) 

Pulmonary embolism 6 
contributon to death 

or incidental t death 

Clinically suspected 24/2076 
pulmonar embolism 


Calciparine 


80 


8/2045 





sults were highly significant. Six- 
teen patients in the control group 
and two in the Calciparine group 
died as a direct result of acute mas- 
sive pulmonary embolism." 


Calciparine—reduced the incidence 
of deep-vein thrombosis up to 69%. 


With each of the diagnostic 


methods, the incidence of deep-veit 


thrombosis was significantly lower 


(p<0.005) in the group that received 
Calciparine.’? There was a 69% reduc- 


tion in the incidence of isotopically 


detected deep-vein thrombosis. 


Incidence of deep-vein thrombosis 


Control Calciparine % reduction 


In 
Caiciparine 
group 


Deep-vein 164/667 48/625 69% 
thrombosis (24.6%) (7.7%) 


diagnosed 


by tagged 
fibrinogen 
uptake 


Deepvein 24/72 6/53 66% 
thrombosis (33.3%) (11.3%) 


detected at 
aul PSV 


Calciparine—reduced the incidence 
of above-the-knee deep-vein 
thrombosis up to 65%. 


The extent of venous thrombosis in 
a limb is an important index of the 
risk of pulmonary embolism. When 
thromboses remain confined to the 
calf region, there is little risk of 
major pulmonary embolism. How- 
ever, when they extend from the 
calf into the popliteal, femoral or 
iliac veins, the incidence of pulmo- 
nary embolism is almost 50%. ” 
Because of this, the investigators 
compared both the number and the 
extent of thromboses in the two 
groups. Results showed a significant 
reduction (p<0.005) in the 
Calciparine group of not only the 
incidence of deep-vein thrombosis, 
but also of the extent of thromboses 
when they did occur. 
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choay laboratories inc. introduces 
the most extensively documented 
prophylactic low-dose heparin 


A leader 


d * 
in coagulation & 
research 
and therapy 
RAND OF 


heparin Calcium injection sss- 


To help prevent 
postoperative 
thromboembolism 
with no increase in 
significant surgical 
bleeding. 
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The only Specificaily highest OU 
low-dose formulated for concentration 
heparin used subcutaneous With lowest volume... 


in the landmark  administration— Minimize 
multicenter Injection hematoma 


study of over packaged in a 5000 

4100 patients. USP heparin units/ 
0.2 ml unit-dose 
syringe...to eliminate 
dosage errors 
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Before using low-dose Calciparine, please 
consult full prescribing information 
at tbe end of tbis advertisement 





calciparine 


s BRAND OF 


heparin calcium injection sss 


HOW WHY 


low-dose Calciparine Calciparine 
can prevent postoperative prophylaxis has the poten- 
thromboembolism with no increase tial to save up to 8000 
in significant surgical bleeding. lives a year. 


Coagulation is an amplified cascade of enzymatic events in which mi- The evidence has long been clear that 


nute quantities of early-stage clotting enzymes (e.g., Factor Xa) gener- 
ate much greater amounts of later enzymes (e.g., thrombin). The most 
efficient way for heparin to stop this progression is to inhibit the early 
low-concentration Factor Xa phase of the clotting sequence." When 
given prophylactically just prior to surgery and before venous throm- 
boses have had a chance to form, even trace amounts of heparin can 
neutralize enough Factor Xa to curtail sharply the production of 


thrombin. Deep-vein thromboses and pulmonary emboli can therefore 


be prevented. 


However, the effective doses are so small that surgical hemostasis is 
usually not significantly impaired nor are conventional coagulation 
tests affected. 


But, when there is an established thrombosis and large amounts of 
thrombin have already been generated, conventional doses of heparin 
are required. Conventional-dose heparin, however, usually results in 
an unacceptable hemorrhagic risk during surgery, unless the pro- 
thrombotic stimuli are extremely intense or verv sophisticated moni- 


toring techniques are employed. 


*Heparin has no direct anticoagulant properties, but functions by markedly accelerating the neutraliza 
tion of Factor Xa and thrombin by their natural plasma inhibitor, antithrombin II 


Please consult full prescribing information at the end of this advertisement 


low-dose heparin can significantly 
reduce the incidence of deep-vein 
thrombosis when used in appropri- 
ate surgical patients." '' 

But until the publication of the re- 
sults of the International Multicenter 
Trial, the same could not be said for 
the prevention of postsurgical pul- 
monary embolism, a potentially fatal 
consequence of deep-vein throm- 
bosis. Nor was there definitive evi- 
dence on the hemorrhagic risk 


involved in low-dose heparinization. 


Now, with Calciparine (brand of 
heparin calcium injection), there is 
documented evidence from the mul- 
ticenter trial of over 4100 surgical pa- 
tients that postoperative pulmonary 
embolism can be prevented on a 
low-dose regimen and with no 
increase in significant surgical 


bleeding.'? 


According to a Special Report of the 
Council on Thrombosis of the Amet 
can Heart Association, if the low-do: 
heparin approach were used on à 
routine basis as a prophvlaxis for 
postoperative pulmonary embolism, 
it could save up to 8000 lives 


annually." 





is the candidate for 
low-dose heparin prophylaxis? 


A Special Report of the Council on Thrombosis of the American Heart 


Association, after reviewing the results of low-dose heparin prophylac- 


tic studies, has strongly endorsed the prophylactic approach by stating. 
“Low-dose heparin administered to all bemostatically competent pa- 
tients over the age of 40 subjected to major elective abdominal or 


thoracic surgical procedures will effect an 8096 reduction in 


postoperative pulmonary emboli."* 


In addition, Kakkar’? and Sherry" have both recommended large-scale 


use of low-dose heparinization in surgical patients at high risk of 


thromboembolism. In the opinion of the latter: “The introduction of 


low-dose heparin prophylaxis of thrombosis in deep leg veins repre- 


sents a major advance in clinical medicine. It approaches an ideal form 


of prophylaxis in that it can be given easily to large numbers of patients 


at risk, requires no monitoring, is relatively safe, and, usec widely, 


“13 


should save many lives. 


Factors which predispose to thromboembolism 
in patients undergoing major elective thoracic 
or abdominal surgery Include: 


Age. Risk is significant at age 40 and is marked 
after age 60 

Immobilization 

Obesity 

Varicose veins 

Chronic obstructive pulmonary disease 
Malignant disease 


Previous deep-vein thrombosis 
or pulmonary embolism 


Nephrotic syndrome 


Patients who should not 
receive low-dose heparin 
prophylaxis include those 
who: 


have bleeding, bleeding disor- 
ders or a diathesis. 

are receiving oral anticoagu- 
lants or have received platelet- 
active drugs (e.g., aspirin within 
the last five days). 

are undergoing potentially san- 
guinous Operations. 


i À Em 
are undergoing operations on 1 — RM 


the brain, eve or other organs, 
where even z small hemor- 


Estrogen use rhage could de dangerous. Inject 

Steroid medication 

Certain thrombotic-prone blood states pU 

(e.g., hyperviscosity syndrome) 

! 7 Discard 

Because information to date is insufficient, low-dose heparin : 
prophylaxis is not approved for patients who have recently had a spinal => 
tap or who are undergoing spinal or epidural anesthesia. a 


Before using low-dose Calciparine, please consult full prescribing information at the 


end of this advertisement. 





to administer the 


multicenter regimen: 


Pre-op—aA subcutaneous injection of 
5000 units (0.2 ml) of Calciparine two 
hours before surgery then. 


Post-op—A follow-up injection of 0.2 ml 
of subcutaneous Calciparine every eight 
hours following surgery. 


Therapy is maintained for seven days or 


until the patient is fully ambulatory. 


All patients should be screened prior to 
low-dose heparinization with appropriate 
tests to rule out bleeding disorders or a 
diathesis. 


The possibility of increased bleeding dur- 
ing surgery or postoperatively should be 
borne in mind. If such bleeding occurs, 
discontinuance of heparin and neutraliza- 
tion with protamine sulfate is advisable. 


The low-dose heparin formulated 
with the highest concentration and 
the lowest volume to minimize injec- 
tion hematoma and packaged to 
eliminate dosage errors. 


Calciparine is available in a high- 
concentration/low-volume formulation 
(5000 USP heparin units/0.2 ml) espe- 
cially designed to minimize injection 
hematoma. 


Calciparine is packaged in a unit-dose 
syringe containing the exact amount of 
heparin calcium established by the multi- 
center prophylactic regimen. This elimi- 
nates the possibility of dosage errors. 
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Choay 
Laboratories 
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CHOAY 


Choay S.A., 
for seven decades a leading 
innovator and manufac- 
turer of critical-care 
biologicais... 


now offers its 
scientific resources to U.S. 
medicine. 


In introducing Calciparine® (brand 
of heparin calcium injection) in the 
United States, Choay Laboratories 
Inc. of New York has available the 
scientific resources of Choay S.A., a 
leading French pharmaceutical firm. 


Choay S.A. has long been a special- 
ist in the research and manufacture 
of such critical-care biologicals as 
insulin, urokinase and heparin. The 
company s growth has paralleled 
the growth of modern medicine. 
When the great discoveries in endo- 
crinology were being made, be- 
tween 1911 and the end of World 
War II, Choay was one of the first to 
produce purified insulin. And one 
of the first to prepare purified 
gonadotropins and pituitary hor- 
mones, ACTH and HGH. This work 
was followed by research on tryp- 
sin, chymotrypsin, hyaluronidase 


and urokinase. 


PRINTED INUS A 





calciparine 


heparin Calcium injection 


To help prevent Mut: 
thromboembolism 
after surgery. 


Choay S.A. pioneered research 
in subcutaneous heparin for the 
prophylaxis of postoperative 
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® 
calciparine (brand of heparin calcium injection) for subcutaneous and IV use 


DESCRIPTION . 

Calciparine (brand of heparin calcium injection) is a sterile solution of heparin calcium 
derived from porcine intestinal mucosa, standardized for use as an anticoagulant, in water 
for injection. The pH of the solution is adjusted with calcium hydroxide or hydrochloric 
acid. The potency is determined by a biological assay using a USP reference standard 
based upon units of heparin activity per milligram. 

ACTIONS l 
Heparin inhibits reactions which lead to the clotting of blood and the formation of fibrin 
clots both in vitro and in vivo. Heparin acts at multiple sites in the normal coagulation 
system. Small amounts of heparin in combination with antithrombin III (heparin co-factor) 
can prevent the development of a hypercoagulable state by inactivating activated Factor X, 
preventing the conversion of prothrombin to thrombin. Once a hypercoagulable state 
exists, larger amounts of heparin in combination with antithrombin III can inhibit the 
coagulation process by inactivating thrombin and earlier clotting intermediates, thus 
preventing the conversion of fibrinogen to fibrin. Heparin also prevents the formation of 

a stable fibrin clot by inhibiting the activation of the fibrin stabilizing factor. 

Bleeding time is usually unaffected by heparin. Clotting time is prolonged by full therapeutic 
doses of heparin; in most cases it is not measurably affected by low doses of heparin. 
Heparin does not have fibrinolytic activity; therefore, it will not lyse existing clots. 
INDICATIONS 

Calciparine is indicated for anticoagulant therapy in prophylaxis and treatment of venous 
thrombosis and its extension; in low-dose regimen for prevention of postoperative deep 
venous thrombosis and pulmonary embolism in patients undergoing major abdomi- 
nothoracic surgery who are at risk of developing thromboembolic disease (see DOSAGE 
AND ADMINISTRATION): for prophylaxis and treatment of pulmonary embolism, in atrial 
fibrillation with embolization; for diagnosis and treatment of acute and chronic consump- 
tive coagulopathies (disseminated intravascular coagulation); for prevention of clotting in 
arterial and cardiac surgery; and for prevention of cerebral thrombosis in evolving stroke. 
Heparin is indicated as an adjunct in treatment of coronary occlusion with acute myocar- 
dial infarction, and in prophylaxis and treatment of peripheral arterial embolism. 

Heparin may also be employed as an anticoagulant in blood transfusions, extracorporeal 
circulation, dialysis procedures, and in blood samples for laboratory purposes. 
CONTRAINDICATIONS 

Hypersensitivity to heparin. 

Inability to perform suitable blood coagulation tests, e 3; the whole biood clotting time, 
partial thromboplastin time, etc., at required intervals. There is usually no need to monitor 
the effect of low-dose heparin in patients with normal coagulation parameters. 
Uncontrollable bleeding. 

WARNINGS 


Calciparine should be used with extreme caution in disease states in which 
there is an increased danger of hemorrhage. 


Administration of Calciparine, when used in therapeutic dosage, should be regulated by 
frequent blood coagulation tests. If these are unduly prolonged or if hemorrhage occurs, 
Calciparine should be promptly discontinued. See OVERDOSAGE. 
Some of the conditions in which increased danger of hemorrhage exists are: 
Cardiovascular........ subacute bacterial endocarditis; arterial sclerosis; increased 
capillary permeability; during and immediately following 
a) spinal tap or spinal anesthesia, b) major surgery, 
especially involving the brain, spinal cord, or eye. 


Hematologic .......... conditions associated with increased bleeding tendencies 
such as hemophilia, some purpuras, and thrombocytopenia. 
Gastrointestinal....... inaccessible ulcerative lesions, and continuous tube drain- 


age of the stomach or small intestine. 

Calciparine may prolong the one-stage prothrombin time. Accordingly, when Calciparine is 
given with dicumarol or warfarin sodium, a period of at least 5 hours after the last 
intravenous dose and 24 hours after the last subcutaneous (intrafat) dose of Calciparine 
should elapse before blood is drawn, if a valid prothrombin time is to be obtained. 
Drugs (such as acetylsalicylic acid, dextran, phenylbutazone, ibuprofen, indomethacin, 
dipyridamole, and hydroxychloroquine) which interfere with platelet aggregation reactions 
(the main hemostatic defense of heparinized patients) may induce bleeding and should be 
used with caution in patients on heparin therapy. 
While there is experimental evidence that heparin may antagonize the action of ACTH, 
insulin or corticoids, this effect has not been clearly defined. 
There is also evidence in animal experiments that heparin may modify or inhibit allergic reac- 
tions. However, the application of these findings to human patients has not been fully defined. 
Larger doses of heparin may be necessary in the febrile state. 
The use of digitalis, tetracyclines, nicotine, or antihistamines may partially counteract the 
anticoagulant action of heparin. An increased resistance to heparin is frequently 
encountered in cases of thrombosis, thrombophlebitis, infections with thrombosing 
tendency, myocardial infarction, cancer, and in the postoperative patient. 
Usage in Pregnancy. Calciparine should be used with caution during pregnancy, 
especially during the last trimester and in the immediate postpartum period. 
There is no adequate information as to whether heparin may affect human fertility, or have 
a teratogenic potential or other adverse effects to the fetus. 
Heparin does not cross the placental barrier; it is not excreted in human milk. 
PRECAUTIONS 
Because Calciparine is derived from animal tissue, it should be used with caution in 
patients with a history of allergy. Before a therapeutic dose is given to such a patient, 
a trial dose of 1,000 units may be advisable. 
Calciparine snould also be used with caution in the presence of hepatic or renal disease, 
hypertension, during menstruation, or in patients with indwelling catheters. 
A higher incidence of bleeding may be seen in women over 60 years of age. 
Caution should be exercised when administering ACD-converted blood (i.e., blood 
collected in Calciparine and later converted to ACD blood), since the anticoagulant activity 
of its heparin calcium content persists without loss for 22 days. ACD-converted blood may 
alter the coagulation system of the recipient, especially if it is given in multiple transfusions. 
ADVERSE REACTIONS 
Hemorrhage is the chief complication that may result from heparin therapy. An overly 
prolonged clotting time or minor.bleeding during therapy can usually be controlled by 
withdrawing the drug. See OVERDOSAGE. 
The occurrence of significant gastrointestinal or urinary tract bleeding during anti- 
coagulant therapy may indicate the presence of an underlying occult lesion. 
Adrenal hemorrhage with resultant acute adrenal insufficiency has occurred during 
anticoagulant therapy. Therefore such treatment should be discontinued in patients who 
develop signs and symptoms compatible with acute adrenal hemorrhage and insufficiency. 
Plasma cortisol levels should be measured immediately, and vigorous therapy with 
intravenous corticosteroids should be instituted promptly. Initiation of therapy should not 
depend upon laboratory confirmation of the diagnosis, since any delay in an acute 
situation may result in the patient's death. 
Intramuscular injection of heparin frequently causes local irritation, mild pain, or 
hematoma, and for these reasons should be avoided. These effects are less often seen 
following deep subcutaneous (intrafat) injection. Histamine-like reactions have also been 
observed at the site of injection. 
Hypersensitivity reactions have been reported with chills, fever, and urticaria as the most 
usual manifestations. Asthma, rhinitis, lacrimation, and anaphylactoid reactions have also 
been reported. Vasospastic reactions may develop independent of the origin of heparin, 
6 to 10 days after the initiation of therapy and last for 4 to 6 hours. The A hat limb is 
painful, ischemic and cyanosed. An artery to this limb may have been recently 
catheterized. After repeat injections, the reaction may gradually increase, to include 
peaa vasospasm, with cyanosis, tachypnea, — of oppression, and headache. 

rotamine sulfate treatment has no marked therapeutic effect. Itching and burning, 
especially on the plantar side of the feet, is possibly based on a similar allergic 
vasospastic reaction. Chest pain, elevated blood pressure. arthralgias, and/or headache 
have also been reported in the absence of definite peripheral vasospasm. Anaphylactic 
shock has been reported rarely following the intravenous administration of heparin. 
Acute reversible thrombocytopenia following the intravencus administration of heparin has 
been reported. Osteoporosis and suppression of renal function following long-term, high- 


dose administration, suppression of aldosterone synthesis, delayed transient alopecia, 
priapism, and rebound hyperlipemia following discontinuation of heparin have also bee! 
reported. 
DOSAGE AND ADMINISTRATION l P 
Calciparine (brand of heparin calcium injection) is not effective by oral administration a 
should be given by deep subcutaneous (intrafat, i.e., above iliac crest or into the 
abdominal fat layer) injection, by intermittent intravenous injection, or intravenous 
infusion. The intramuscular route of administration should be avoided because of the 
frequent occurrence of hematoma at the injection site. l 
The dosage of Calciparine should be adjusted according to the patients coagulation te 
results, which during the first days of treatment should be determined just prior to each 
injection. There is usually no need to monitor the effect of low-dose heparin in patients 
with normal coagulation parameters. Dosage is considered adequate when the whole 
blood clotting time is elevated approximately 2.5 to 3 times the control value. 
When Calciparine is administered by continuous intravenous infusion, coagulation test 
should be performed approximately every 4 hours during the early stages of therapy. 
When it is administered intermittently by intravenous, or deep subcutaneous (intrafat) 
injection, coagulation tests should be performed before each injection during the early 
stages of treatment, and daily thereafter. 
When an oral anticoagulant of the coumadin or similar type is administered with 
Calciparine, coagulation tests and prothrombin activity should be determined at the sta 
of therapy. For immediate anticoagulant effect, administer Calciparine in the usual 
therapeutic dosage. When the results of the initial prothrombin determination are know! 
administer the first dose of an oral anticoagulant in the usual initial amount. Thereafter, 
perform a coagulation test and determine the prothrombin activity at appropriate intervi 
A period of at least 5 hours after the last intravenous dose and 24 hours after the last 
subcutaneous (intrafat) dose of Calciparine should elapse before blood is drawn, if a vi 
prothrombin time is to be obtained. When the oral anticoagulant shows full effect and 
prothrombin activity is in the desired therapeutic range, Calciparine may be discontinu: 
and therapy continued with the oral anticoagulant. 
Therapeutic Anticoagulant Effect with Full-Dose Calciparine 
Although dosage must be adjusted for the individual patient according to the results of 
suitable laboratory tests, the following dosage schedules may be used as guidelines: 
METHOD OF RECOMMENDED DOSE 
ADMINISTRATION FREQUENCY based on 150 Ib (68 kg) patient 
Deep Subcutaneous Initial Dose 5,000 units by I.V. injection followed 
(Intrafat) Injection by 10,000-20,000 units of a concentrated 
solution, subcutaneously 


Every 8 hours 8,000-10,000 units of a concentrated solut 


(or) 

Every 12 hours  15,000-20,000 units of a concentrated soli 
Intermittent Initial Dose 10,000 units, either undiluted or in 50-100 
Intravenous Injection isotonic sodium chloride injection 

Every 4 to 6 5,000-10,000 units, either undiluted or in 

hours 50-100 ml isotonic sodium chloride injectic 
Intravenous Infusion Initial Dose 5,000 units by |.V. injection 

Continuous 20,000-40,000 units in 1,000 ml of isotonic 


sodium chloride solution for infusion/day 
1. By deep subcutaneous (intrafat) injection. After an initial I. V. injection of 5,000 unit: 
inject 10,000 to 20,000 units of a concentrated Calciparine solution subcutaneously, 
followed by 8,000 to 10,000 units of a concentrated solution subcutaneously ret 
8 hours, or 15,000 to 20,000 units of a concentrated solution every 12 hours. A differen 
site should be used for each injection to prevent the development of a massive hemato 
2. By intermittent intravenous injection. 10,000 units initially, then 5,000 to 10,000 unit: 
every 4 to 6 hours. These amounts may be given either undiluted or diluted with 50 to 
100 ml of isotonic sodium chloride injection. 
3. By continuous intravenous infusion. After an initial I. V. injection of 5,000 units of 
Calciparine add 20.000 to 40,000 units to 1,000 ml of isotonic sodium chloride solution 
infusion. For most patients, the rate of flow should be adjusted to deliver approximate!) 
20,000 to 40,000 units in 24 hours. 
Surgery of the Heart and Blood Vessels: Patients undergoing total body perfusion for 
open heart surgery should receive an initial dose of not less than 150 units of Calcipari 
per kilogram of body weight. Frequently a dose of 300 units of Calciparine per kilogram 
body weight is used for procedures estimated to last less than 60 minutes; or 400 units 
kilogram for those estimated to last longer than 60 minutes. 
Low-Dose Prophylaxis of Postoperative Thromboembolism: A number of well-controlle 
clinical trials have demonstrated that low-dose heparin prophylaxis, given just prior to e 
after surgery, will reduce the incidence of postoperative deep vein thrombosis in the lec 
as measured by the 1-125 fibrinogen technique and venography, and of clinical pulmoné 
embolism. The most widely used dosage has been 5,000 units 2 hours before surgery 
5,000 units every 8 to 12 hours thereafter for 7 days or until ihe patient is fully ambulatt 
whichever is longer. The heparin is given by deep subcutaneous injection in the arm or 
abdomen with a fine needle (25-26 gauge) to minimize tissue trauma. A concentrated 
solution of Calciparine is recommended. Such prophylaxis should be reserved for patie 
over 40 undergoing major surgery. Patients with bleeding disorders, those having 
neurosurgery, spinal anesthesia, eye surgery, or potentially sanguinous operations sho 
be excluded, as well as patients receiving oral anticoagulants or platelet-active drugs (: 
WARNINGS). The value of such prophylaxis in hip surgery has not been established. T 
possibility of increased bleeding during surgery or postoperatively should be borne in 
mind. If such bleeding occurs, discontinuance of Calciparine and neutralization with 
protamine sulfate is advisable. If clinical evidence of thromboembolism develops despi 
low-dose prophylaxis, full therapeutic doses of anticoagulants should be given unless 
contraindicated. All patients should be screened prior to heparinization to rule out 
bleeding disorders, and monitoring should be performed with appropriate coagulation 
tests just prior to A Coagulation test values should be normal or only slightly 
elevated. There is usually no need for daily monitoring of the effect of low-dose 
Calciparine in patients with normal coagulation parameters. 
Extracorporeal Dialysis Use: Follow equipment manufacturer's operating directions carel 
Blood Transfusion: Addition of 400 to 600 units per 100 mi of whole blood. Usually, 7,5( 
units of Calciparine are added to 100 ml of sterile sodium chloride injection (or 75,000 
units per 1,000 ml of sterile sodium chloride injection) and mixed, and from this sterile 
solution, 6 to 8 ml is added per 100 ml of whole blood. Leukocyte counts should be 
performed on heparinized blood within 2 hours after addition of Calciparine. Heparinize 
blood should not be used for isoagglutinin, complement, erythrocyte fragility tests, or 
platelet counts. 
Laboratory Samples: Addition of 70 to 150 units of Calciparine per 10 to 20 ml sample | 
whole blood is usually employed to prevent coagulation of the sample. See comments 
under Blood Transfusion. 
OVERDOSAGE 
Protamine sulfate (1% solution) by slow infusion will neutralize heparin. No more than 
50 mg should be given very slowly, in any 10-minute period. Each mg of protamine sulfi 
neutralizes approximately 100 units of heparin (or 1.0 to 1.5 mg neutralizes approximati 
1.0 mg of heparin). Heparins derived from various animal sources require different 
amounts of protamine sulfate for neutralization. This fact is of most importance during 
procedures cf regional heparinization, including dialysis. 
Decreasing amounts of protamine are required as time from last heparin injection 
increases. Thirty minutes after a dose of heparin, approximately 0.5 mg of protamine 
sulfate is sufficient to neutralize each 100 units of administered heparin. Blood or plasn 
transfusions p be necessary; these dilute but do not neutralize heparin. 
HOW SUPPLIE 
Calciparine (brand of heparin calcium injection) is available as follows: 
Calciparine 5,000 USP heparin units, 0.2 ml pre-filled disposable syringe, carton c 
10. NDC 49819-012-42. 
Calciparine 12,500 USP heparin units, 0.5 ml ampule with sterile syringe and attac 
25-gauge, 5&' needle, carton of 10, NDC 49819-015-63. 
Calciparine 20,000 USP heparin units, 0.8 ml ampule with sterile syringe and 
attached 25-gauge, Ye" needle, carton of 10, NDC 49819-018-63. 
Issued November 1 
hoa Mfd. for CHOAY LABORATORIES INC. New York, NY 10019 
By Astra Pharmaceutical Products, Inc., Worcester, MA 01606 
A4033 2/81 
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Systemic Effects of Multidose © 
Hypothermic Potassium Cardioplegia 


Robert B. Mammana, M.D., Sidney Levitsky, M.D., 
Charles B. Beckman, M.D., Andre Vasu, M.D., 


and David Sernaque, M.D. 


ABSTRACT The purpose of this study was to in- 
vestigate the changes in serum and urine potassium 
before, during, and after the administration of 
potassium cardioplegia using a solution containing 
28 mEq/L of potassium chloride in 20 consecutive 
patients with acquired heart disease. The data ob- 
tained suggest that the concentration of potassium 
administered does not result in inordinately elevated 
serum potassium levels (peak, 4.6 + 0.18 mEq/L at 2 
hours of multidose hypothermic potassium cardio- 
plegia) during or after infusion. Additionally, the 
urinary excretion of potassium increased during in- 
fusion and eventually exceeded the amount of potas- 
sium infused. While hypothermic potassium cardio- 
plegia appears to be a safe and efficient method of 
myocardial protection, continued surveillance of 
postoperative potassium levels remains necessary to 
detect obligatory urinary potassium excretion fol- 
lowing cardiopulmonary bypass and operation. 


Though hypothermic potassium cardioplegia 
for myocardial protection is still under investi- 
gation, its beneficial effects during ischemic ar- 
rest appear to exceed other previous tech- 
niques. However, there have been no previous 
studies related to the systemic effects of this 
technique nor are there any indications 
whether postoperative potassium replacement 
in large doses continues to be necessary since 
large amounts of potassium are infused during 
hypothermic potassium cardioplegia. Prior to 
the use of hypothermic potassium cardioplegia, 
several investigators [1-5] had demonstrated 
substantial kaliuresis following cardiopulmo- 
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nary bypass, results justifying massive post- 
operative potassium replacement during the 
first 24 hours. The purpose of this paper is tc 
investigate the changes in serum and urine 
potassium during and following the adminis- 
tration of hypothermic potassium cardioplegia 
in patients undergoing ischemic myocardial ar- 
rest. 


Material and Methods 

Twenty consecutive adult patients undergoing 
elective cardiac operation at the University oz 
Illinois Medical Center and the West Side Vet- 
erans Administration Medical Center were 
selected for study. They ranged from 20 to 65 
years old (mean, 55 years); there were 6 women 
and 14 men. The surgical procedures included 
coronary artery bypass in 13 patients, coronarv 
artery bypass and valve replacement in 2, single 
valve replacement in 4, and tricuspid valvec- 
tomy in 1. 

All 20 patients were operated on using a 
Sarnes modular pump and Shiley bubble oxy- 
genator. À hemodilution prime consisting of 2 
liters of Ringer's lactate, 12.5 gm of 25% albu- 
min, and 1,000 U of beef lung heparin was 
used. No patient was excluded because of ab- 
normal renal function or liver dysfunction. The 
following myocardial protection sequence was 
used: 


1. Bypass was initiated with a perfusate temper- 
ature of 30°C. 

2. Three to 5 minutes prior to aortic cross- 
clamping, the perfusate temperature was 
lowered to 15°C and iced saline solution (at 
5°C) was placed in the pericardial cavity. 

3. After aortic cross-clamping, cardioplegi- 
solution at 5°C and containing 28 mEq/L of 
potassium chloride (Table) was introduced 
into the ascending aorta at a pressure of 90 to 
120 mm Hg. Cardioplegic solution, approx- 
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Potassium Levels before, during, and after Cardioplegic Infusion with Net K* Influx and Balance 





K* Administered? 
(mEq/L) 
K* K* 
Serum K* Cardioplegic Urine Kt Urine Vol As Cardio- Total Excreted Balance 
Conditions (mEq/L) Infusion (ml) (mEq/L) (ml) plegia Administered (mEq/L) (mEq/L) 
Before bypass 3.6 + 0.10° 51.9 + 6.2 290.5 + 56.7 0 8 15.0£2.9 -7 
30 min after 3.7 £030 350.64 32 61.7 t 7.9 113.5 - 16.3 12.5 20.5 + 0.81 21.9410  — 14 
infusion 
1 hr after 4340.27 . 773.8 63 27.9 + 4.3 646.9+ 88.2 30.7 38.7 +17 40.9 t25 — 2.2 
infusion 
2 hrs after 4.6 3 0.189 836.0 + 143 41.9 + 6.9 370.8 + 88.5 402 48.2 + 4.0 65.443.7  —172 
infusion 
1 hr after 4.1 + 0.18 52.7 t 5 710.7 + 62.0 40.2 48.2 t40D 102.4 43.8 — —542 
bypass 
24 hrs after 43 + 0.12 88.382 11240 + 102.0 18.2t40* 212290 —83 
bypass LE 


——————— MM LLL 


“K* administered includes K* in cardioplegia plus supplemental K* in priming solution. 


bp < 0.05. 
“Includes postoperative K* replacement of 80 mEq per patient. 


imately 5 ml per kilogram of body weight, 
was administered, and the systemic perfu- 
sate temperature was raised to 25°C. 

4. Cardioplegic solution (3 ml per kilogram) 
was reinfused into the ascending aorta every 
15 to 20 minutes or more frequently if 
any myocardial contraction was observed. 
Simultaneously, iced saline solution was 
placed in the pericardial cavity. 


Serum and urine potassium levels and timed 
urine excretion were measured before and after 


the onset of bypass at 30-minute intervals after. 


the initiation of aortic cross-clamping, 1 hour 
after the termination of bypass, and 24 hours 
after the operation. Serum and urinary potas- 
sium levels were analyzed and compared with 
the levels measured before bypass, the con- 
trols, using a single-throw Student's ł test 
for grouped data with unequal variance, and 
differences were considered significant with a 
p « 0.05. | 


Results 

Six timed intervals were analyzed for levels of 
serum and urine potassium, urine volume, car- 
dioplegic volume infusion, and the total 
amount of potassium administered and ex- 
creted. These data indicate that there was an 
initial rise of serum K* commensurate with the 
infusion of K* in the cardioplegic solution, 
with a plateau in the range of 4.3 to 4.6 mEq/L 


after 1 to 2 hours of aortic cross-clamping (see 
Table). Simultaneously, with the gradual rise in 
serum K*, there was a marked rise in urine K* 
excretion from 3.7 + 0.56 ml per minute to 11.8 
+ 1.0 ml per minute, resulting in obligatory Kt 
loss. Thus, there was net negative flux of 54.2 
mEq of K* despite the average infusion of 48.2 
+ 4.0 mEq of K+ at 1 hour after bypass. Despite 
the additional K* administered postopera- 
tively (80 mEq per patient), the total K* ad- 
ministered (128.2 + 4.0 mEq/L for the first 24 
hours) still resulted in a negative K* flux of 83 
mEq. At no time during the course of study did 
serum K* levels exceed a level of 5.5 mEq/L, 
indicating K* toxicity. 


Comment 

The question of whether or not it is neces- 
sary to continue K* supplementation following 
open-heart operation has been raised with the 
widespread use of hypothermic potassium- 
containing cardioplegic infusion for intra- 


operative myocardial protection. This study was 


designed to answer this question and to re- 
evaluate previously established guidelines for 
potassium replacement in the perioperative and 
postoperative periods. These data indicate that 
hypothermic potassium chloride, aside from its 
beneficial myocardial protective effects, is in- 
herently safe and is not associated with sys- 
temic hyperkalemia during the perfusion 
period. In addition, it was noted, as previously 
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suggested by Patrick and Sevapragasarn [3], 
that K* excretion is directly related to urine 
flow and K* concentration. Furthermore, our 
data substantiate previous reports emphasizing 
requirements for major K* replacement during 
the first 24 hours postoperatively and continu- 
ing for up to 72 hours, with cumulative deficits 
ranging from 120 to 250 mEq of K* [1, 2]. Our 
data suggest that with the use of hypothermic 
potassium cardioplegia, the K* negative bal- 
ance over the first 24 hours is slightly less than 
that reported previously. 

It would appear from these data that hy- 
pothermic potassium cardioplegia is a safe 
method of myocardial protection and manifests 
no obvious deleterious systemic hyperkalemic 
effects. Nevertheless, there is a continued re- 
quirement for postoperative K* supplementa- 
tion to avert negative K* balance, which can be 


deleterious to any patient who has had a car- 
diac operation. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-eighth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at The Breakers, Palm Beach, FL, Nov 5-7, 
1981. There will be a $100 registration fee for 
nonmember physicians except for guest speak- 
ers, authors and co-authors on the program, 
and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts in tripli- 
cate, by May 15, 1981, to Maruf Razzuk, M.D., 
1201 Barnett Tower, 3600 Gaston Ave, Dallas, 
IX 75204. Abstracts should be double-spaced 
on one side of one sheet of paper, with a 1-inch 


left margin, and limited to 200 words. All slides 
used during the presentation must be 35 mm. 
The abstract must list a member as a co-author. 
Manuscripts of accepted papers must be sub- 
mitted to The Annals of Thoracic Surgery by Oct 
15, 1981. 

Applications for membership should be 
completed by Sept 1, 1981, and forwarded to 
Joseph M. Craver, M.D., 1365 Clifton Road, NE, 
Atlanta, GA 30322. 


Richard B. McElvein, M.D. 
Secretary- Treasurer 


Cell-Mediated Immunity 


Is Depressed Following Cardiopulmonary Bypass 


Jack A. Roth, M.D., Sidney H. Golub, Ph.D., Ramon A. Cukingnan, M.D., 
John Brazier, M.D., and Donald L. Morton, M.D. 


ABSTRACT Sequential in vitro lymphocyte func- 
tion tests in 13 patients undergoing cardiac operation 
were performed to determine factors that contribute 
to depressed cell-mediated immunity following op- 
eration. Lymphocytes were stimulated with phyto- 
hemagglutinin (PHA), pokeweed mitogen, concana- 
valin A (Con A), and mitomycin-treated, pooled, 
allogeneic lymphocytes (MLC). Mitogen responses 
were measured by ?H-labeled thymidine incorpora- 
tion. Circulating levels of T, B, and Fc-receptor 
lymphocytes were determined by counting E, EAC, 
and EA rosettes. Serum cortisol was measured by 
radioimmunoassay. 

The T-cell-dependent lymphocyte responses 
(PHA, Con A, and MLC) were significantly de- 
creased 24 hours after operation, and this was ac- 
companied by a 6096 decrease in circulating T-cell 
levels. The PHA, Con A, and MLC responses, and 
circulating T-cell levels returned to preoperative 
values one week following operation. 

Lymphocyte responses to mitogens remained sig- 
nificantly decreased when the number of T cells 
in the postoperative cultures were adjusted to 
preoperative levels. This indicates that the T cells 
remaining after operation were functionally im- 
paired. We conclude that lymphocyte proliferative 
responses and antigen recognition are significantly 
depressed following cardiac operation, and that 
these responses are related to decreased numbers of 
circulating T lymphocytes and depressed function of 
the remaining T lymphocytes. 
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Numerous studies have demonstrated that de- 
pression of cell-mediated immunity occurs fol- 
lowing surgical procedures [1-12]. The degree 
of immunosuppression is directly related to the 
magnitude of the procedure, blood transfu- 
sions, and length of operation [9-10]. There- 
fore, one would expect cardiac operations to be 
highly immunosuppressive, although little is 
known about their immunosuppressive effects. 
Depression of cell-mediated immunity follow- 
ing open-heart operations is potentially det- 
rimental because it could increase the sus- 
ceptibility of patients, many of whom have 
prosthetic material in the vascular system, to 
viral and bacterial infection. 

The purpose of our study was to determine 
the effects of cardiac operation on cell-mediated 
immunity by studying serial changes in in vitro 
lymphocyte function. The findings enabled us 
to quantitate alterations in cell-mediated im- 
munity and to determine which factors (antigen 
recognition, lymphocyte proliferation, and T, 
B, or Fc-receptor cell levels) are affected. In ad- 
dition, other etiological factors that could de- 
press cell-mediated immunity postoperatively, 
such as generation of suppressor cells or in- 
creased serum cortisol levels, were studied to 
define further the mechanism of postoperative 
immunosuppression. 


Materials and Methods 

Lymphocytes were obtained from 13 men un- 
dergoing cardiac operation. The patients were 
unselected, and the operations were performed 
consecutively. The average age was 55 years. 
Seven patients underwent.coronary artery by- 
pass (3, single; 1, double; 3, triple), 4 patients 
underwent single valve replacement, and 2 pa- 
tients underwent combined valve replacement 
and coronary artery bypass. No patient had a 
history of malignancy, and none of the patients 
was receiving immunosuppressive drugs. All 
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patients underwent perfusion with the Olsen 
pump and Optiflow adult bubble oxygenator 
with integral heat exchanger. A 20 u surgical 
filter was incorporated in the arterial line. The 
prime for the pump consisted of 1.8 liters of 
Normosol, 75 gm of salt-poor albumin per liter, 
and 500 ml of blood with 2,000 units of heparin. 
Flow rates were calculated at 2.2 to 2.5 liters per 
square meter of body surface. Lymphocytes 
were also obtained from normal unselected vol- 
unteer donors. 


Separation and Cryopreservation 

of Lymphocytes 

Heparinized and nonheparinized blood sam- 
ples were collected preoperatively, and 24 hours 
and one week postoperatively. The technique 
for separation and cryopreservation of lym- 
phocytes has been described [10]. In brief, 
lymphocytes were separated using a Ficoll- 
Hypaque gradient and were suspended in 
RPMI 1640 medium* containing 40% agamma 
human serum and 1096 dimethyl sulfoxide. 
This suspension was frozen at 1°C per minute 
to —150*C in a Linde liquid nitrogen pro- 
grammed freezing unit! and stored in the vapor 
phase of a liquid nitrogen freezer. All samples 
from each patient were tested simultaneously. 
The blastogenic capabilities of frozen lympho- 
cytes do not differ appreciably from fresh lym- 
phocytes [10, 131. 


Lymphocyte Stimulation Assay 

A microtest for lymphocyte stimulation was 
used. The lymphocytes were thawed rapidly in 
a 37°C water bath and immediately added to 
20 ml of RPMI 1640 medium containing 5% 
agamma serum at 37°C. They were thawed 


rapidly in a 37°C water bath and immediately: 


added to 20 ml of RPMI 1640 containing 5% 
agamma serum at 37°C. The lymphocytes then 
were washed twice with RPMI 1640 medium. 
For testing, lymphocytes were suspended at 
a concentration of 1 x 10 cells per milliliter 
for mitogens and 2 X 109 per milliliter for 
mitomycin-treated, pooled, allogeneic lympho- 
cytes (MLC) in RPMI 1640 containing anti- 


*Microbiological Associates, Bethesda, MD. 
tUnion Carbide, New York, NY. 


biotics and 1096 pooled human AB serum. The 
same lot of serum was used for all experi- 
ments. With a repeating pipette, lymphocytes 
were dispensed in 0.1 ml aliquots into Falcon 
No. 3040 microtest plates. The following con- 
centrations of mitogens were added to the 
medium and 0.1 ml was added to the appropri- 
ate wells: phytohemagglutinin (PH A), 2 wg/ml;* 
pokeweed mitogen, 10 ug/ml;! and concanava- 
lin A (Con A), 50 ug/ml.* These concentrations 
were optimal as determined by preliminary ti- 
trations. The same lot of mitogens was used for 
all tests. 

Lymphocytes from 10 normal donors were 
pooled in equal amounts and treated with 50 
pglml of mitomycin C for 15 minutes at 37°C 
followed by three washes with phosphate- 
buffered saline solution, and 4 X 10° cells in 0.1 
ml of medium were added to the appropriate 
wells. Control wells contained lymphocytes in 
0.2 ml of medium and 0.2 ml of medium with- 
out cells. In all experiments, quadruplicate 
cultures were maintained for the lymphocyte 
sample from each patient. The mean of the 
counts per minute for the quadruplicate cul- 
tures was used to analyze the data. After a 
three-day incubation at 37?C, cultures contain- 
ing mitogens were labeled with 0.5 wCi of °H- 
labeled thymidine in 0.01 ml of RPMI 1640 so- 
lution for 24 hours. Cultures were harvested 
using a multiple automated sample harvester. 
Samples were then placed in scintillation vials, 
scintillation fluid was added, and the vials were 
counted for 5 minutes in a Beckman scintilla- 
tion counter. Mixed lymphocyte cultures were 
similarly labeled and harvested after five days 
of incubation. 


Assay for Cell Surface Markers 

The techniques for determination of E, EA, and 
EAC rosettes have been described previously 
[10, 14, 15]. T cells were enumerated by E 
rosette formation. Briefly, 1% washed sheep 
erythrocytes$ were added to an equal volume of 
fluorescein diacetate'-labeled peripheral blood 


*Burroughs-Wellcome Co., Research Triangle Park, NC. 
tGibco, Berkeley, CA. 

tMiles Laboratories, Elkhart, IN. 

SFlow Laboratories, Rockville, MD. 

"Nutritional Biochem Corp., Cleveland, OH. 
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lymphocytes (PBL) (5 x 105 per milliliter) in 
medium containing 10% AB serum absorbed 
against sheep erythrocytes. Labeling with 
fluorescein diacetate permits rapid identifica- 
tion of PBL by mixed ultraviolet and visible 
light illumination. Only viable PBL stain with 
fluorescein diacetate, and, therefore, dead cells 
could be excluded from the assay. E rosettes 
were read after 24 hours at 4°C. 

Sheep erythrocytes coated with IgM antibody 
plus complement (EAC markers) were used to 
detect B cells. A 5% suspension of washed 
sheep red blood cells (RBC) was incubated 30 
minutes at 37°C with an equal volume of 
Sephadex G200 purified rabbit anti-sheep RBC 
IgM. The cells were washed, and an equal vol- 
ume of 1:5 diluted dibenzanthracene/2 mouse 
complement was then added. The EAC cells 
were incubated an additional 30 minutes at 
37°C, washed three times, and reconstituted to 
1%. The 1% EAC reagent was added to an 
equal volume of fluorescein diacetate-labeled 
PBL (5 x 108 per milliliter) and incubated 30 
minutes at 37°C in a shaking water bath (80 os- 
cillations per minute). The rosettes were read 
immediately after incubation. 

IgG-coated ox erythrocyte markers (EA ro- 
settes) were prepared from pooled ox erythro- 
cytes incubated with an equal volume of pu- 
rified anti-ox RBC IgG for 30 minutes at 
37°C. The IgG anti-ox was fractionated from 
hyperimmunized rabbit serum by dieth- 
ylaminoethanol cellulose bath purification and 
ultramembrane filtration (30,000 MW exclusion 
membrane). The final IgG preparation was 
reconstituted to a protein concentration of 
1.58 mg per milliliter. There was no contam- 
inating IgM as determined by gel diffusion 
and immunoelectrophoretic analysis. Following 
incubation, the ox cells were washed three 
times and reconstituted to a suspension of 
0.596. Fluorescein diacetate-labeled PBL was 
resuspended at 5 X 10° per milliliter, and equal 
volumes of 0.5% EA and PBL were mixed. This 
mixture was incubated 5 minutes at 37°C then 
pelleted at 250 X g at 4°C for 4 minutes. Rosettes 
were read after a 30-minute incubation on ice. 


Assay for Suppressor Cell Activity 
To measure suppressor cell activity, an equal 
number of lymphocytes from the test sample 


and from a normal donor were mixed so that a 


total concentration of 2 X 10° cells per well was 
obtained in a 0.2 ml volume. Responses to PHA 
were then tested, as already described. Controls 
included preoperative lymphocytes added to 
the normal responder, and preoperative, post- 
operative, and normal responder lymphocytes 
tested individually. 


Serum Cortisol Assay 
Serum cortisol levels were determined by 
radioimmunoassay.* 


Statistical Analysis 

Results of the lymphocyte stimulation tests 
were expressed as mean log;, of the counts per 
minute. The data were analyzed statistically 
using the paired two-tailed Student t test. Post- 
operative values were compared with the 
preoperative values with each patient serving 
as his or her own control. Values for normal 
volunteers were compared with patients using 
the unpaired two-tailed Student t test. Correla- 
tion coefficients were determined using a stan- 
dard program for linear regression analysis. A p 
« 0.05 was considered significant. 


Results 

Mitogen and MLC Responses 

The mitogen responses of postoperative lym- 
phocyte samples were significantly depressed 
below preoperative values (Fig 1). Both PHA 
and Con A responses were significantly de- 
creased 24 hours following operation, but did 
not differ significantly from the preoperative 
values one week postoperatively. Pokeweed 
mitogen responses did not change postopera- 
tively. The MLC response was also depressed 


-24 hours after operation, but it returned to the 


preoperative value after a week. There was no 
change in the background counts of the un- 
stimulated control lymphocytes during the 
study. 


Lymphocyte Subpopulations 

Total leukocyte counts increased significantly 
after operation but returned to preoperative 
levels after one week (Fig 2). Total circulating 
lymphocytes were decreased 24 hours following 


*Reference Laboratory, Newbury Park, CÀ. 
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Fig 1. Lymphocyte *H-labeled thymidine incorporation 
in response to mitogens and mitomycin-treated, pooled, 
allogeneic lymphocytes (MLC) following cardiac opera- 
Hon. (Mean logy) counts per minute (CPM) + 1 stan- 
dard error.) (PHA = phytohemagglutinin; Con À = 
concanavalin A; PWM = pokeweed mitogen.) 
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Fig 2. Total peripheral leukocyte count and lymphocyte 
count following cardiac operation. (Mean + 1 standard 
error.) 





operation and remained decreased at one week. 
Enumeration of lymphocyte subpopulations re- 
vealed that this change was due primarily to a 
marked decline in circulating T lymphocytes. 
Both the percentage and absolute number of 
circulating T lymphocytes decreased signifi- 
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Fig 3. Relative levels of circulating T, B, and Fc- 
receptor lymphocytes following cardiac operation. 
(Mean + 1 standard error.) 


cantly 24 hours postoperatively (Figs 3, 4). This 
was accompanied by a significant increase in 
the percentage of B and Fc-receptor lympho- 
cytes. However, the absolute number of cir- 
culating B and Fc-receptor lymphocytes did 
not change significantly following operation. 
The percentage of Fc-receptor lymphocytes re- 
mained increased one week postoperatively. 
The percentage and absolute number of T and B 
cells one week postoperatively did not change 
from the preoperative values. Duration of by- 
pass, duration of operation, and intraopera- 
tive blood loss did not correlate with changes in 
the lymphocyte function tests. 

Mitogen responses, MLC responses, and T, 
B, and Fc-receptor cell levels of the preoperative 
lymphocyte samples did not differ significantly 
from lymphocytes of normal nonhospitalized 
controls except for relative EAC rosette levels. 


These were higher for the controls (Table). 


Absence of Suppressor Cells 

Lymphocyte samples from 4 patients who dem- 
onstrated the greatest depression of cell-me- 
diated immunity postoperatively were tested 
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Fig 4. Absolute levels of circulating T, B, and Fc- 
receptor lymphocytes following cardiac operation. 
(Mean X 1 standard error.) 


Comparison of Lymphocyte Function Tests 
for Normal Volunteers and Patients before 
Cardiac Operation 


Test Volunteers Patients 
PHA (logi, + SE) 4.031 X 0.414 4.504 + 0.071 
Con A (log, + SE) 4.059 + 0.206 4.229 + 0.119 
PWM (logi, £ SE) 3.706 X 0.159 3.787 + 0.118 
MLC (logio + SE) 3.450 + 0.267 3.521 + 0.116 
E rosettes (%) 59 + 3.5 53 + 3.9 
EAC rosettes (%) 21 + 1.63 14+1.8 
EAG rosettes (%) 21+4.1 18 + 1.9 


an < 0.05 compared with patients. 


PHA = phytohemagglutinin; SE = standard error; Con A= 
concanavalin A; PWM = pokeweed mitogen; MLC = 
mitomycin-treated, pooled, allogeneic lymphocytes. 


for suppressor cell activity. There was no evi- 
dence for the presence of suppressor cells 
even in the patients with the highest degree of 
immunosuppression. 

An experiment was then performed to deter- 
mine if the depressed proliferative responses of 
the postoperative lymphocytes could be re- 
stored to normal levels by increasing the num- 
ber of T lymphocytes. Lymphocytes from the 
postoperative samples were added to the test 
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Fig 5. Serum cortisol levels following cardiac operation. 
(Mean + 1 standard error.) 


well in concentrations equal to the T cell con- 
centrations present in the preoperative samples 
based on the percentage of E rosettes in each 
sample. However, even though the number of 
T cells in the preoperative and postoperative 
samples were similar, the proliferative re- 
sponses of the postoperative sample to PHA 
and Con A remained significantly depressed. 


Serum Cortisol 

Serum cortisol levels were measured preopera- 
tively and postoperatively. Serum cortisol was 
significantly elevated 24 hours after operation 
and reached even higher levels one week post- 
operatively (Fig 5). However, the changes in 
serum cortisol levels did not correlate signifi- 
cantly with changes in PHA, Con A, or MLC 
responses or with relative or absolute circulat- 
ing lymphocyte levels. 


Comment 

Few studies have examined the influence of 
cardiac surgical procedures on cell-mediated 
immunity. Park and co-workers [7] noted that 
lymphocytes from 7 patients undergoing heart 
valve replacement had markedly reduced PHA 
responses, but these returned to normal at one 
week after operation. Ryhànen and associates 
studied lymphocytes from patients undergoing 
valve replacement and noted significant de- 
creases in E, EA, and EAC rosettes and depres- 
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sion of PHA, pokeweed mitogen, and MLC re- 
sponses on the second postoperative day 111]. 
Rosettes and mitogen responses returned to 
preoperative levels one week postoperatively. 
Our studies confirm the marked degree of im- 
munosuppression observed by these inves- 
tigators. Although the kinetics of the lympho- 
cyte responses described in their studies are 
similar to those of our study, we did not ob- 
serve the depression of absolute EÀ and EAC 
rosettes nor did we find a depression of 
pokeweed responses as noted by Ryhanen and 
colleagues [11]. Our results agree with those of 
Lee [6], who found an increase in the percent of 
B lymphocytes on the first postoperative day 
accompanied by a decrease in total lymphocytes 
and T lymphocytes. 

The immunosuppression caused by cardiac 
operation appears to be mediated by a pro- 
found decrease in the number of circulating T 
lymphocytes and an intrinsic defect in the 
function of the remaining T lymphocytes. In 
our study, only the T-cell-dependent lympho- 
cyte function tests (PHA, Con A, and MLC) 
were depressed whereas pokeweed mitogen re- 
 sponses (T and B cell mitogen) were not signifi- 
cantly depressed. Furthermore, the number of B 
and Fc-receptor lymphocytes were not reduced 
following operation. This finding is in agree- 
ment with observations that circulating immu- 
noglobulins, the production of which is B- 
cell-mediated, are not decreased following 
operation [12, 14, 15]. We found that postopera- 
tive lymphocyte cultures could not be restored 
to normal responsiveness by increasing the 
number of T cells to preoperative levels, which 
suggests that the T cells remaining after opera- 
tion are intrinsically depressed. | 

The mechanism responsible for the decrease 
in circulating T lymphocytes following opera- 
tion is still not completely defined. Elevation of 
serum corticosteroids may cause a decrease in 
circulating T-cell levels, although this is usually 
mild and transient [16]. Lymphocyte transfor- 
mation by PHA is retarded by corticosteroids. 
Although serum cortisol levels are elevated fol- 
lowing operation, the lack of correlation be- 
tween changes in serum cortisol and changes in 
lymphocyte number and function suggests that 
serum cortisol is not an etiological factor in 


postoperative immunosuppression. We noted 
the highest levels of serum cortisol one week 
after operation at a time when all factors in- 
volved in lymphocyte function had returned to 
preoperative levels. Nevertheless, it is con- 
ceivable that the initial increase in serum cor- ` 
tisol was responsible for the observed im- 
munosuppression, and the resolution of this 
immunosuppression at one week resulted from 
the emergence of a cortisol-resistant population 
of T lymphocytes. Other as yet undefined hu- 
moral factors may be responsible for depress- 
ing the number of circulating T lymphocytes 
and may cause intrinsic functional defects in 
the remaining T cells. 

Although all patients received general anes- 


thesia in this study, its effect on postopera- 


tive immunity is probably not great. Cullen 
and Van Belle [2] observed that depression of 
lymphocyte function was related primarily to 
the extent of tissue trauma and not to the 
anesthetic agent or duration of anesthesia. 

It is noteworthy that although our patients 
showed a decrease in lymphocyte number and 
function, they all had a large increase in neu- 
trophils postoperatively. Whether this increase 
is protective against bacterial infection depends 
on the function of these neutrophils and the 
level of serum opsonic activity. The defect in 
lymphocyte function may be more important in 
the development of viral or fungal infections. 
The clinical significance of these observations 
must be the subject of further study. Although 
all patients in the study had depressed lympho- 
cyte function, none of them had infectious 
complications postoperatively. By studying a 
larger group of patients preoperatively, it may 
be possible to identify those patients who are 
particularly susceptible to the immunosuppres- 
sive effects of operation. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery will 
give a voluntary recertification examination in 
the fall of 1981. Diplomates interested in par- 
ticipating in this examination should maintain 
a documented list of their cardiothoracic opera- 
tions performed two years prior to application 
for recertification. They should also keep a 
record of their attendance at thoracic surgical 
meetings and other continuing medical educa- 
tion activities for the two years prior to appli- 
cation for recertification. 


A recertification brochure has been prepared 
outlining the rules and requirements. It also 
contains information about applying for the 
voluntary recertification examination. The bro- 
chure has been mailed to all Diplomates except 
those certified in 1979 and 1980. If you have not 
received yours and wish a brochure, please 
write the American Board of Thoracic Surgery, 
14640 E Seven Mile Road, Detroit, MI 48205. 


The Embolization 


of Bone Wax from Sternotomy Incisions 


Francis Robicsek, M.D., Thomas N. Masters, Ph.D., 
Laszlo Littman, M.D., and Prof. Gustav V. R. Born 


ABSTRACT We discuss our study on the effects of 
discontinuation of the usage of bone wax as a 
hemostatic agent in sternotomy incisions. In 1976, 
we abandoned use of bone wax because it was sus- 
pected of causing several cases of Mycobacterium 
fortuitum sternal osteomyelitis. In a retrospective 
study involving 400 patients, we found that this step 
did not increase postoperative bleeding as measured 
by drainage from the chest tube and by the need to 
return patients to the operating room because of 
bleeding. It also was observed that there was an ap- 
preciable simultaneous drop in pulmonary compli- 
cations. To test our theory that the wax pressed into 
the bone marrow can embolize to the lung, 
radioactively tagged bone wax was pressed into the 
cut sternum in animal models, and a search was 
made for radioactive deposits in the peripheral lung 
tissue. Shortly after the application of the wax, there 
was evidence of large radioactive deposits in the 
lungs. It is probable that this embolization occurs 
also under clinical conditions and may play a role in 
pulmonary complications following open-heart op- 
erations. 


In most centers of cardiac surgery, it is custom- 
ary to use bone wax to control bleeding from 
the sternotomy incision. Bone wax is used quite 
sparingly on the bone marrow if bleeding is 
moderate and in larger amounts if oozing of 
blood is more extensive. This was also our 
practice until May 1, 1976, when our Depart- 
ment experienced an outbreak of Mycobac- 
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terium fortuitum sternal infections [1]. Because 
the infection was limited exclusively to patients 
who had undergone anterior sternotomy, bone 
wax was suspected as the cause of the epidemic 
and its use was discontinued. In connection 
with this measure, two particular clinical ob- 
servations were made in our patients who 
underwent open-heart operation: (1) Blood loss 
in the postoperative period did not increase 
appreciably. (2) There was a considerable de- 
crease in the number of postoperative pulmo- 
nary complications. 

Our second clinical observation, the decrease 
in pulmonary complications after the usage of 
bone wax was discontinued, was especially in- 
teresting. We found that the number of patients 
with atelectasis, the time used for continued 
respiratory support, and the number of post- 
operative tracheostomies significantly de- 
creased during the second part of 1976 com- 
pared with the previous period. The cause of 
this was quite difficult to determine because at 
the same time we also instituted some changes 
in the protocol of anesthesia and in respiratory 
care. Nevertheless, we could not avoid con- 
sidering the possibility that the discontinuation 
of the usage of bone wax in some way influ- 
enced the rate of pulmonary complications. The 
hypothesis was that bone wax squeezed into 
the bone marrow of the sternum and found its 
way into and embolized in the lesser circula- 
tion. This possibility was well in line with our 
past clinical experience during the early 1950s 
when we often used the bone marrow of the 
sternum—through the regular sternal biopsy 
needle—as a readily available entry for blood 
transfusions in patients with unsuitable pe- 
ripheral veins. 


Material and Methods 

This hypothesis was tested in a series of animal 
experiments. The first step was to try to outline 
the possible route of transportation of foreign 
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Fig 1. (A) Serial roentgenograms showed that the con- 
trast medium injected into the lower third of the ster- 
num enters the mammary veins. (B) From there it passes 
rapidly into the superior vena cava, through the right 
heart, and into the pulmonary vessels. 


material from the sternum to the lungs by an- 
giography. 

Two mongel dogs weighing approximately 20 
kg were anesthetized lightly with Pentothal 
(thiopental sodium) and placed on the angio- 
graphic table. A 17 gauge sternal biopsy needle 
was inserted in the midportion of the sternum, 
and 20 ml of Hypaque-M, 75% (diatrizoate 
meglumine and diatrizoate sodium injection) 
was injected under a pressure of 300 pounds per 
square inch. The course of the contrast medium 
was followed by cineangiography as well as se- 
rial radiography. In both animals, the medium 
injected in the bone marrow rapidly appeared 
in the azygos and hemiazygos system and then 
passed into the superior vena cava, right heart, 
and the pulmonary circulation (Fig 1). 

To further demonstrate that foreign material 
can be carried from the sternum into the lungs, 
6 additional dogs weighing from 15 to 25 kg 
were anesthetized with intravenously admin- 
istered sodium pentobarbital, intubated endo- 
tracheally, and artificially ventilated. A median 
sternotomy was performed, similar to the 
technique used on patients undergoing open- 
heart operation. Hemostasis of the divided 
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sternum was obtained by electrocautery and 
by pressing tritium-labeled bone wax, ap- 
proximately 5 gm per animal, into the bone 
marrow. The bone wax was not labeled directly 
since there are no double bonds in the bees wax 
used in the bone wax formula.* This prevented 
iodine tagging and possible lung scanning. A 
^H-labeled long-chain fatty acid was added to 
the melted bone wax, and the mixture was al- 
lowed to cool and resolidify before it was placed 
in the sternum. Arachadonic acid—5,6,8,9,11, 
12,14,15- H(N)-CH;(CH5),(CH7 CHCH;),CH; 
CH,COOH'— was obtained in 0.5 ml of hexane 
at a specific activity of 60 to 100 Ci per mmole. 
Twenty pl (2 Ci) was added to 5 gm of the 
melted bone wax, stirred well, and allowed to 
cool before it was put in the sternum. After the 
application of the bone wax, the sternotomy in- 
cision was closed with stainless steel wire su- 
tures. 

Immediately after closure of the sternotomy 
and 15, 30, and 60 minutes later, bilateral lung 
tissue samples were obtained through open bi- 
opsy. These samples were placed in glass tis- 
sue grinders? and homogenized using 5 ml of 
Dole's extraction mixture for lipid separation. 
After homogenization, this mixture was placed 
in test tubes, and after 5 ml of additional ex- 


*Lukens, St. Louis, MO. 
*New England Nuclear, Boston, MA. 
tKontes, Inc., Vineland, NJ. 


359 Robicsek et al: Bone Wax Embolization from Sternotomy Incision 


500 


400 


300 





= 
e 
Gy 
Gy 
GZ 
Z 
tj 
jij 
R 
Ue SY 
30 


Fig 2. Changes in radioactivity found in canine lungs 
following sternal placement of radioactive bone wax. 
Control (C) lung samples were taken before labeled bone 
wax was placed in the sternotomy incision. Fifteen, 30, 
and 60 minutes after sternotomy closure, tissue samples 
were taken from the right (R) and left (L) lungs, and the 
results were expressed in disintegrations per minute 
(DPM). (T = standard error of the mean.) 


traction mixture was added, the lipids were ex- 
tracted [2]. The upper heptane layer was re- 
moved, placed into a scintillation vial, and 
evaporated to dryness by passing a stream 
of nitrogen over the heptane phase. The scin- 
tillation solution (PPO and POPOP),* 10 ml, 
was added to the solution. It was mixed and 
counted on a Picker Nuclear Liquimat 220 Scin- 
tillation Counter. Since very little quenching 
was encountered with these samples, disinte- 
grations per minute were used as indication of 
total radioactive activity. The degree of such 
activity in the different lung samples was com- 
pared with a sample of lung tissue taken before 
the application of radioactive bone wax. Sam- 
ples of liver, spleen, and kidney were also col- 
lected, and lipids were extracted and counted to 
determine if the labeled fatty acid was present 
in these tissues. 

Evaluating the results of these experiments, 
we found that there was a significant degree of 
radioactivity in the lungs in response to sternal 
placement of ?*H-labeled bone wax (Fig 2). After 
15 minutes, there was an approximate increase 


*Liquifluor, New England Nuclear, Boston, MA. 








of 20096 in radioactivity in lung tissue taken 
from the peripheral edges of both lungs. This 
same level was maintained after 30 minutes and 
slightly increased after 60 minutes. Changes at 
15, 30, and 60 minutes were all significant to the 
p « 0.001 level. Radioactivity in the liver, kid- 
ney, and spleen was unchanged from control 
levels thereby indicating that the alterations in 
radioactivity appeared to be isolated to the 
lungs. 


Comment 

On the basis of our clinical observations and 
animal experiments, we came to three conclu- 
sions. (1) The discontinuation of the usage of 
bone wax during open-heart operations did not 
increase the danger of postoperative hemor- 
rhage. (2) In animal experiments in which radio- 
active bone wax was used on the cut sternum, 
there was evidence of radioactive deposits 
in peripheral lung tissue, thereby suggesting 
bone wax embolization. (3) It is probable that 
this embolization occurs also under clinical 
conditions and may play a role in the develop- 
ment of postoperative pulmonary complica- 
tions. 
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CASE REPORTS 


Thoracopulmonary Hypogenesis with Systemic 
Artery-Pulmonary Vessel Fistulae: Report of a Case 


Ray C. J. Chiu, M.D., Milton J. Herba, M.D., 
Juan Viloria, M.D., and David S. Mulder, M.D. 


ABSTRACT A patient seen with recurrent hemop- 
tysis was found to have large systemic artery— 
pulmonary vessel fistulae. Associated anomalies 
were unique, and included hypogenetic left thorax, 
hypoplastic unilobar left lung, and dextrocardia. 
Left pneumonectomy was curative. 


Congenital systemic artery-pulmonary vessel 
fistulae are rare, and although many of the 28 
cases reviewed by Brundage and co-workers [1] 
were thought to be congenital in origin, only 2 
were associated with other congenital anom- 
alies. The case reported here is unique in that 
. the patient not only had large systemic artery— 
pulmonary vessel fistulae, but also a number of 
other unusual anomalies. 


A 32-year-old man was admitted for investiga- 
tion of recurrent hemoptysis. He had been well, 
with normal exercise tolerance throughout his 
life, until 1972 when he suddenly brought up 
approximately one cupful of fresh blood after 
having an abnormal sensation in his left chest. 
The hemoptysis was not associated with fever, 
pain, or prior coughing. Episodes of hemop- 
tysis recurred at intervals of several months. 
When seen at the latest hospital admission in 
March, 1979, he was a well-built man in no 
acute distress. Examination of ears, nose, and 
throat was unremarkable. The left chest cage 
was smaller, but no rales or rhonchi were 
heard. The point of maximal impulse was lo- 
cated to the right of the sternum. The rest of the 
physical findings were within normal limits. 
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Routine hemogram, blood chemistry, and uri- 
nalysis were unremarkable. 

Roentgenograms of the nasal sinus demon- 
strated a 3 X 2 cm soft tissue mass located at 
the base of the right maxillary sinus, most prob- 
ably representing a retention cyst or a polyp. 
Bacteriological study of the sputum was nega- 
tive for fungi, pathogenic bacteria, and acid- 
fast bacillus. Chest roentgenogram showed loss 
of volume of the left lung with diminished vas- 
cularity and dextrocardia (Fig 1). Lung scan also 
showed a small left lung but there were no seg- 
mental defects. Fiberoptic bronchoscopy re- 
vealed diffuse hyperemia with a prominent 
capillary network in the tracheal mucosa, but 
no active bleeding points were seen. Bronchial 
orifices were patent but the left lower lobe 
bronchus was small and difficult to enter. Bron- 
chography of the left lung revealed a small left 
bronchial tree with no intrabronchial lesions. 
Pulmonary arteriography (Fig 2) showed that 
the vessels on the right side were normal. The 
left lung vessels were smaller, and arborization 
of the pulmonary arterial branches diminished 
in the periphery. Pulmonary venous return was 
predominantly toward the superior pulmonary 
vein. The inferior pulmonary vein was less 
opacified and seemed to be fed mostly by sys- 
temic vessels coming through a thickened left 
pleura. 

A thoracic aortogram was performed, fol- 
lowed by selected catheterization of a large 
feeding vessel related to the left chest wall and 
pleura (Fig 3). The left subclavian artery was 
markedly enlarged proximally. There was a 
large branch taking off from the subclavian ar- 
tery and extending inferiorly and anteriorly to 
supply the lower portion of the chest wall and 
the diaphragm. Another large branch was seen 
extending laterally along the chest wall and the 
thickened pleura. Extensive vascularity was 
noted in the pleura and the venous drainage 
was through intrapulmonary vessels with large 
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Fig 1. Posteroanterior chest roenteenoeram made 
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Fig 2. Pulmonary arteriography revealed a small but 
d patent left pulmonary artery 


draining veins to the left atrium (Fig 4). Elec- 
trocardiogram and echocardiogram showed 
dextrocardia, but there was no evidence of 
ventricular inversion or abnormal relationship 


of the great vessels. Right heart catheterization 





Fig 3. Selective left subclavian arteriogram demon- 
strating the anomalous systemic artery—pulmonary 
vessel fistulae. 
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Fig 4. Later phase of the selective left subclavian ar- 
teriography shown in Figure 3. Note the pleural and 
intrapulmonary vessels, and drainage through the left 
inferior pulmonary vein to the left atrium. 
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revealed the following pressures: right atrium, 
8/1 mm Hg (mean, 5); right ventricle, 35/7 mm 
Hg; main pulmonary artery, 31/15 mm Hg 
(mean, 20); and left pulmonary artery, 21/13 mm 
Hg (mean, 17). Oxygen determinations revealed 
no left-to-right or right-to-left shunt. Respi- 
ratory function test was suggestive of restrictive 
lung disease; the ratio of forced expiratory vol- 
ume in one second to vital capacity was 
2.44:3.10. The ratio of physiological dead-space 
volume to tidal volume was mildly increased 
with exercise, by both blood and gas analyses, 
indicating increased dead space. 

On March 28, 1979, a left anterolateral thora- 
cotomy was performed, and unusual vascular- 
ity was noted in the pleura. There were multi- 
ple pleural adhesions, and the left chest cavity 
was very small, approximately one-half of what 
might be expected for the patient's size. The 
systemic artery-pulmonary vessel fistulae were 
multiple, thin walled, and fragile at the visceral 
pleura surface. Two major feeding arteries from 
the left subclavian artery were identified, dou- 
bly ligated, and transected. The pulmonary 
artery was relatively small but patent. The su- 
perior pulmonary vein was small, while the in- 
ferior pulmonary vein was markedly enlarged. 
The left bronchus appeared to be smaller but 
normal in consistency. A left pneumonectomy 
was carried out in the usual manner, and the 
patient had an uneventful postoperative course. 
To date, the patient has remained asymptom- 
atic with no recurrence of hemoptysis. 

The pathological specimen was a single lobe 
lung without fissures, weighing 215 gm and 
measuring 15 X 11 cm. The external surface was 
unremarkable except for the presence of pleural 
fibrous adhesions. However, toward the hilar 
area, at a distance away from the bronchus, 
there were two medium-sized arteries enter- 
ing the lung separately. Laterally, two other 
medium-sized arteries were also noted to enter 
the lung. The diameter of these anomalous ves- 
sels measured 0.2 cm each. The bronchus ap- 
peared normal. There were tiny nodules in lung 
parenchyma ranging in size from 1 to 2 mm and 
randomly distributed. Microscopically they 
were multiple necrotizing granulomas. There 
was focal obliterative endarteritis, and the ar- 
teries showed fragmentation of the elastica with 


a foreign-body-type giant cell reaction. The 
lung did not exhibit any of the features of pul- 
monary sequestration. 


Comment 

Systemic chest wall vessels have been found to 
communicate with pulmonary circuits through 
pleural adhesions and enlarged bronchial ar- 
teries [2, 3]. The latter condition is associated 
with obstruction of the pulmonary artery [4]. 
Unusual causes of such fistulae include ac- 
tinomycosis [5], tumor [6], Takayasu's disease 
[7], trauma or operation [8], and pericardial 
artery-pulmonary artery fistula (one instance 
reported) [9]. Anomalous communication of a 
large chest wall vessel to the lung was described 
in 1947 by Burchell and Calgett [10]. By 1972, 
Brundage and associates [1] were able to re- 
view 28 cases reported in the literature. The 
young age of the patients and the lack of other 
pathogenic factors suggested that many of the 
lesions were congenital in origin. However, 
concomitant congenital anomalies were appar- 
ently rare, and these authors found only two 
such cases. One was associated with intrapul- 
monary arteriovenous fistulae and the other 
with pentology of Fallot. 

Halasz and colleagues [11] described the 
"hypogenetic lung syndrome" consisting of 
dextrocardia, mirror-image right bronchial tree 
right pulmonary artery hypoplasia, systemic 
arterial supply to the hypogenetic right lung, 
and anomalous right pulmonary venous drain- 
age into the inferior vena cava. Thus, a left-to- 
right shunt is established by the abnormal 
communication between the right pulmonary 
veins and inferior vena cava. Arterio-arterial 
shunts also exist due to the connection between 
the systemic artery and the pulmonary vein. In 
the “scimitar syndrome," the anomalous pul- 
monary vein is recognizable on the plain chest 
roentgenogram. Our patient showed a number 
of features distinct from the "hypogenetic lung 
syndrome." The lung involved was on the left 
side. There was no connection between the 
pulmonary vein and the systemic venous sys- 
tem and therefore no left-to-right shunt. An- 
other unique finding was the dextrocardia. 
Ordinarily, hypoplastic lung causes the ipsilat- 
eral shift of the heart. In this patient, although 
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the left lung was unilobar and smaller, the 
heart was shifted to the right. In view of 
the small left chest cavity, one would sus- 
pect a developmental anomaly of the chest 
wall as the primary cause of cardiac displace- 
ment. 

The most common presenting finding for pa- 
tients with systemic artery-pulmonary vessel 
fistulae appears to be an audible murmur. It 
was found in all of the 8 patients reviewed by 
Dunn and Wexler [6], but was absent in our pa- 
tient. Recurrent hemoptysis, the chief com- 
plaint in our patient, was noted in only 2 in 
Dunn and Wexler's series. Surgical intervention 
is clearly indicated in the presence of recurrent 
hemoptysis. Prutzman and Flick [10] in 1954 
stressed the risk of ligating the pulmonary ves- 
sels in the fistula before the systemic vessels, 
lest uncontrollable pulmonary bleeding should 
occur. Several authors [6, 9] reported ligation 
and division of the afferent blood vessels with- 
out resection. However, Brundage and associ- 
ates [1] reported that 1 patient undergoing such 
a procedure had recurrence of murmur within a 
month. Resection of the involved lung appears 
to be the preferred mode of treatment in many 
patients. In our patient, we elected to resect the 
hypogenetic lung involved since this small lung 
had extensive adhesions, with numerous sys- 
temic arterial entrances into the lung paren- 
chyma. 
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Intraventricular Repair 


of Double-Outlet Left Ventricle 


David A. Murphy, M.D., D. Alex Gillis, M.D., and K. S. Sridhara, M.D. 


ABSTRACT A 32-year-old child with double- 
outlet left ventricle and subaortic ventricular septal 
defect 
vention with an intraventricular repair and a 


underwent successful surgical  inter- 
boomerang-shaped piece of Dacron patch. While an 
left 


ventricle has been reported, we discuss here its ap- 


intraventricular repair for  double-outlet 
plication to this particular type of double-outlet left 


ventricle. 


Surgical repair of double-outlet left ventricle 
has been described previously [1, 2]. However, 
there appears to be only one report of success- 
ful, total intraventricular repair of this condi- 
tion [2]. The usual surgical technique for cor- 
recting double-outlet left ventricle is to close the 
ventricular septal defect and the pulmonary ar- 
tery origin, and connect the right ventricle to 
the distal pulmonary artery with some form of 
extracardiac conduit. The following report de- 
scribes an entirely intraventricular repair in a 
child whose great vessel anatomy and surgical 
repair differ from those previously reported. 


The patient was first seen when she was 10 
days old for congestive heart failure. She was 
tentatively diagnosed as having aortic stenosis 
because of low-volume peripheral pulses and 
left ventricular overloading demonstrated on 
electrocardiogram. She responded well to digi- 
talis and diuretics. She was not catheterized at 
that time. An echocardiogram done when she 
was 10 weeks old did not show evidence of se- 
vere aortic stenosis. 
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She was seen again when she was 7 months 
old because of diarrhea and vomiting. Physical 
examination revealed central cyanosis and a 
grade 3/6 systolic murmur heard maximally at 
the left sternal border. The electrocardiogram 
showed terminal right intraventricular conduc- 
tion delay and right axis deviation. The results 
of cardiac catheterization (Table) and angiog- 
raphy (Fig 1) were interpreted as severe te- 
tralogy of Fallot. The lateral view of the right 
ventricular injection (see Fig 1B) demonstrated 
dye passing from the right ventricle across the 
ventricular septal defect and into the aorta. The 
conotruncus was considered to be of a tetralogy 
type, and was crossed by a prominent septal 
band. The precise connection of the right 
ventricle to the pulmonary artery was not well 
visualized. Following the injection of dye into 
the right ventricle, the pulmonary artery filled 
after the aorta. The pulmonary artery valve was 
considered to be at the same level as the aortic 
valve, but the latter was slightly posterior. 
There was mild aortic regurgitation. The pa- 
tient subsequently underwent an elective right 
Blalock shunt. 

Apart from cyanosis with crying, the patient 
did well until she was 31⁄2 years old. Due to in- 
creasing cyanosis without syncope or squat- 
ting, she was readmitted for further study. On 
physical examination, clubbing and cyanosis 
were present. The heart was hyperkinetic. The 
second heart sound was accentuated and single. 
There was a grade 3/6 full-length ejection mur- 
mur maximal over the pulmonary area, but radiat- 
ing down the left sternal border. A continuous 
shunt murmur was present. The hemoglobin 
was 15.8 gm. Chest roentgenogram revealed a 
heart size on the upper limits of normal, and 
lung fields and pulmonary vasculature again on 
the upper limits of normal. Repeat cardiac cath- 
eterization demonstrated essentially the same 
anatomy as previously described (see Table). 
Pullback tracings from the main pulmonary 
artery to the “infundibulum” and to the right 
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Cardiac Catheterization 


7 Months Old 


31⁄2 Years Old (Preop) 


3 Months Postop 


Oxygen Pressure Oxygen Pressure Oxygen Pressure 
Saturation (7o) (mm Hg) Saturation (96) (mm Hg) Saturation (%) (mm Hg) 

SVC 49 60.5 76 

IVC 3 70.5 87 

RA 47 3 53.5 3 76 0 

RV 42.5 65/0 65.5 110/0, ED 5 76.5 32/0 

PA 71 11/7 79 18/10 80 29/3 

LV >e TY 56 102/0 ED 7 T 100/0 

Ao 78 70/40 86 107/37 98 100/50 


SVC = superior vena cava; IVC = inferior vena cava; RA = right atrium; RV = right ventricle; ED = end-diastolic pressure; 


PA = pulmonary artery; LV = left ventricle; Ao = aorta. 





Fig 1. (A) Anteroposterior and (B) lateral views of right 
ventricular injection. The diagnosis of severe tetralogy 
of Fallot was made from these angiograms since it ap- 
pears that the pulmonary artery (PA) arises near the 
top of the right ventricular infundibulum (RV Inf). (AO 
= aorta; VSD = ventricular septal defect.) 


ventricle were recorded as 15/7, 39/0, and 110/0 
mm Hg, respectively. In retrospect, the etiology 
of the pressure gradient across the pulmonary 
valve is really unclear, since it was not ana- 
tomically confirmed at operation. 





Surgical Procedure 


The heart was exposed through a median ster- 
notomy. The great vessels arose side by side, 
with the aorta to the right and slightly posterior 
to the pulmonary artery. The coronary anatomy 
was normal except for the prominent and more 
rightward position of the right coronary artery 
origin. There were no major conal branches, 
and the left coronary artery passed behind the 
main pulmonary artery. It was difficult from the 
external examination of the heart to be sure 
whether the infundibular area of the right 
ventricle was in continuity with the pulmonary 
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Fig 2. The internal anatomy demonstrated through a 
right ventriculotomy. For illustrative purposes a verti- 
cal ventriculotomy is made, although a transverse one 
was employed at operation. The retractor on the an- 
terior edge of the ventricular septal defect (VSD) ex- 
poses the aorta and the pulmonary artery arising from 
the left ventricle. Both great vessels were in continuity 
with the mitral valve annulus. 


artery. A systolic thrill was palpable over the 
main pulmonary artery. The right Blalock 
anastomosis was isolated and subsequently 
ligated. 

The internal anatomy of the heart was in- 
spected (Fig 2) through a right ventriculotomy. 
Since the pulmonary artery could not be en- 
tered by probing the right ventricular infun- 
dibulum, it was opened distal to the valve. 
When a Hegar dilator was inserted through the 
valve and into the heart, it became apparent 
that the pulmonary artery arose completely to 
the left of, and slightly anterior to, the aortic 
valve. It was in direct continuity with the mitral 
valve. The ventricular septal defect measured 
approximately 1.5 cm, and was located directly 
below the aortic annulus. The aortic annulus 
was separated from the tricuspid valve by fi- 
bromuscular interventricular septal muscle. The 
aortic valve was in continuity in part with the 
anteromedial aspect of the mitral valve, and 
there was no conal tissue between the aortic 
and pulmonary valves. 


RIM OF VSD 


The ventricular septal defect was enlarged by 
excising part of the anterior and cephalic edges 
until it measured 2.5 cm in diameter. An intra- 
ventricular repair was done with a Dacron 
patch, which was tailored to a boomerang 
shape (Fig 3A) and utilized to redirect the blood 
to the appropriate artery. The patch was su- 
tured into the defect with interrupted 3-0 Ti- 
cron suture on Teflon pledgets (Fig 3B), first 
along the anterior rim of the aortic annulus, 
then posteriorly into the pulmonary artery an- 
nulus, along the roof of the left ventricle to 
reach the anterocephalic edge of the enlarged 
ventricular septal defect. The remainder of the 
ventricular septal defect closure was done with 
a continuous stitch (Fig 3C). Before the patch 
was placed, the main pulmonary artery had ac- 
cepted a No. 14 Hegar dilator, indicating that 
rigid fibrous stenosis of the pulmonary ring 
was not present. However, after the baffle was 
inserted, this artery would accept only a No. 8 
Hegar dilator. For this reason, the pulmonary 
annulus was divided anteriorly into the left 
ventricle and widened with a diamond-shaped 
piece of pericardium. 

The patient came off bypass uneventfully 
and remained in sinus rhythm. Postopera- 
tively, oliguria persisted for forty-eight hours 
but responded to conservative measures. 

Postoperative cardiac catheterization (Fig 4; 
see Table) demonstrated no gradient across the 
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left ventricular outflow tract. There was a re- 
sidual left-to-right shunt (<1.5:1) across the 
ventricular septal defect. Additionally, there 
was some mild aortic regurgitation. The patient 
remains well three years following repair. She 
is no longer on a regimen of digoxin. 


Comment 

This unusual cardiac defect has been well 
reviewed by Van Praagh and Weinberg [3], 
Bharati and co-workers [4], and Stegmann and 
colleagues [5]. Including the 2 patients reported 
by Stegmann and associates [5], there appear to 
be published case studies of 84 patients with 
this condition. Van Praagh and Weinberg [3] 
described fourteen distinct anatomical types of 
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Fig 3. A boomerang patch of single velour Dacron is 
sutured in front of the aortic annulus and behind the 
pulmonary annulus. The ventricular septal defect 
(VSD) has been enlarged anteriorly. The hatched lines 
indicate proposed suture lines. 


double-outlet left ventricle. The combination of 
double-outlet left ventricle, {S,D,D},* subaortic 
ventricular septal defect, and pulmonary ste- 
nosis seems to be the most common form (10 
out of 35 patients) in their series. Our patient 
was likely in this category since she had a dem- 
onstrated gradient across the pulmonary out- 
flow tract, although the cause for this was not 
identified at operation. 

Approximately one-quarter of the reported 
patients underwent operation. Mistakes in the 
preoperative diagnosis are common, and our 
patient was no exception; she was diagnosed as 


*Situs solitus of viscera and atria, and a ventricular p-loop 
with p-malposition of aorta. 
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Fig 4. (A) Anteroposterior and (B) lateral projections of 
right ventricular (RV) injection done three months post- 
operatively. (PA = pulmonary artery.) 


having tetralogy of Fallot. Brandt and co- 
workers [6] stressed the importance of using a 
radiological projection that profiles the ventric- 
ular septum in order to establish the origins of 
the great arteries. Despite a hepatoclavicular 


Fig 5. Differences in left ventricle—great vessel 
anatomy between our patient (left) and the patient 
reported by Sokakibara and co-workers [2]. (AO = 
aorta; PA = pulmonary artery; TV = tricuspid valve; 
MV = mitral valve; VSD = ventricular septal defect; 
RV = right ventricle; LV = left ventricle.) 
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view, with a left ventricular injection, we still 
were unable to be certain of the origin of the 
pulmonary artery. 

Surgical repair usually has consisted of clo- 
sure of the ventricular septal defect in such a 
way that the aorta and pulmonary artery are 
partitioned into the left ventricle. The pulmo- 
nary artery is then connected to the right 
ventricle with an external valved conduit [1] 
or, by unroofing the right ventricular infun- 
dibulum, it is connected to the pulmonary ar- 
tery, with a roof of Dacron over the infundib- 
ulum, and into the pulmonary artery [3, 5, 7, 
9]. The pulmonary artery is then closed with 
sutures. A totally intraventricular repair has 
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been used only once—Sokakibara and associ- 
ates [2]. The location of the ventricular septal 
defect in their patient was situated directly 
below the pulmonary artery orifice, the latter, 
of course, situated in the left ventricle. An oval 
patch was used to divert blood through the 
ventricular septal defect to the pulmonary ar- 
tery, much as one does for the aorta in tetralogy 
of Fallot. Their patient differs from ours in that 
the pulmonary artery was adjacent to the 
ventricular septal defect and to the right of the 
aorta. The aortic valve was to the left of and 
posterior to the pulmonary valve. In our pa- 
tient, the reverse was true: the ventricular sep- 
tal defect was related to the aorta, and the pul- 
monary valve was to the left (Fig 5). 

The principles of intraventricular repair for 
transposition of the great arteries and ven- 
tricular septal defect are well described by 
McGoon [8]. They were readily adaptable for 
our patient, and accomplished the same hemo- 
dynamic result as reported by Sokakibara and 
colleagues [2]. 
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Addendum 

Since this article was accepted for publication, R. 
Rivera, C. Infantes, and M. Gil De La Pena have re- 
ported the case of a patient similar to ours except that 


enlargement of the ventricular septal defect was not 
required (J Cardiovasc Surg 21:361, 1980). 


Internal Mammary Artery- 


Saphenous Vein Composite Conduit: 
An Alternative for the Proximal Coronary Anastomosis 


Richard Brodman, M.D., and George Robinson, M.D. 


ABSTRACT A patient who had previously under- 
gone saphenous vein bypass grafting was seen with 
recurrent angina requiring reoperation. At the sec- 
ond operation, technical problems with the ascend- 
ing aorta ultimately excluded its use for the proximal 
anastomosis for the second of two bypass grafts. 
Anastomosis of the left internal mammary artery to 
the proximal end of the saphenous vein graft suc- 
cessfully resolved the problem. 


If the ascending aorta cannot be safely used for 
the proximal venous anastomosis, the mo- 
bilized internal mammary artery can be used 
as a source of arterial blood by anastomosing 
that artery end-to-end to the saphenous vein. 
We made use of a composite conduit of this type 
to revascularize the distal right coronary artery. 
Postoperative patency was demonstrated by 
cineangiography. To our knowledge, clinical 
use of an anastomosis between the internal 
mammary artery and the saphenous vein has 
not been reported previously except to assess 
the comparative adequacy of flow of the inter- 
nal mammary artery and saphenous vein [1]. In 
that report, the proximal end of the saphenous 
vein was anastomosed to the ascending aorta to 
compare flows. 


A 59-year-old man had a saphenous vein 
bypass to the distal right coronary artery in 
1970. Previously he had undergone stripping of 
the right great saphenous vein. The saphenous 
vein segment used for this operation was har- 
vested from the left thigh. He did well until 
1977, when he noted onset of angina. Cath- 
eterization showed 100% occlusion of the 
proximal left anterior descending coronary ar- 
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tery and a patent vein bypass to the distal right 
coronary artery with 100% occlusion of the 
right coronary artery proximal to the bypass 
graft. The patient was started on a regimen of 
Inderal (propranolol hydrochloride). During the 
year prior to reoperation, the patient experi- 
enced increasing angina. At the time of admis- 
sion, angina was occurring with minimal exer- 
tion. Catheterization showed an occluded 
bypass graft. 

At operation, dense adhesions were encoun- 
tered in the pericardium. Exposure of the an- 
terior wall of the aorta and the anastomotic site 
revealed a short ascending aorta denuded of 
adventitia, which had been removed at the pre- 
vious operation. An attempt to cannulate the 
aorta resulted in a tear of the wall beyond the 
pursestring suture, and profuse bleeding was 
controlled by digital pressure. Cannulation of 
the femoral artery and vein was required before 
the aortic root could be repaired. The remaining 
great saphenous vein was removed from the left 
leg, and saphenous vein grafts were performed 
to the left anterior descending coronary artery 
and the distal right coronary artery beyond the 
previous saphenous vein bypass. Proximal 
anastomoses were performed to the aorta. 

After the aortic clamp was removed, minimal 
trauma to the proximal anastomosis of the right 
coronary artery graft caused a transverse tear in 
the friable aortic wall. Control of the bleeding 
and repair required bypass. Repair necessitated 
removal of the proximal right coronary saphe- 
nous vein graft from the aorta, and a3 by 1.5 cm 
pericardial patch was used to repair the defect. 
The repair was reinforced with an onlay of Da- 
cron. The left internal mammary artery was 
removed from the chest wall at the sixth inter- 
costal space. Free flow of blood from the inter- 
nal mammary artery into a beaker was 160 ml 
per minute. The inner diameter of the internal 
mammary artery was 2.0 mm. The saphenous 
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Fig 1. (A) Left internal mammary artery—saphenous 
vein bypass to the distal right coronary artery. Saphe- 
nous vein bypass from the aorta to the left anterior 
descending coronary artery. Patch and repair of the 
arterial cannulation site on the ascending aorta. (B) 
Technique used to enlarge the circumference of the in- 
ternal mammary artery for the end-to-end anastomosis 
to the saphenous vein graft. 


vein had an inner diameter of 3.0 mm. A lon- 
gitudinal slit in the transected end of the inter- 
nal mammary artery widened its mouth, and 
a patulous end-to-end anastomosis was per- 
formed from the internal mammary artery to 
the proximal end of the saphenous vein graft 
to the distal right coronary artery (Fig 1). Three 
weeks postoperatively, a contrast study showed 
patency of the internal mammary artery- 
saphenous vein composite graft to the distal 
right coronary artery (Fig 2). 


Comment 

At reoperation, absence of the adventitia on the 
anterior wall of an atheromatous ascending 
aorta markedly interfered with cannulation and 
successful completion of the second proximal 
venous anastomosis. After repair of the dam- 
aged aortic wall, it was necessary to find an 
alternative source of blood for the second 
saphenous vein graft. 





Fig 2. Postoperative angiogram showing a patent com- 
posite conduit of the left internal mammary artery and 
saphenous vein filling the distal right coronary artery. 


At least five options were considered to deal 
with the problem of an incomplete right bypass 
graft. Use of the side of the left anterior de- 
scending bypass graft for the proximal anas- 
tomosis of the saphenous vein graft might 
jeopardize the left anterior descending bypass 
and is associated with a poor patency rate [2]. 
Ligation of the right coronary artery graft was a 
poor alternative. Lengthening the saphenous 
vein segment with additional saphenous vein 
and performing the proximal anastomosis to 
the innominate artery would have been possi- 
ble if additional vein length had been available. 
Removal of the lesser saphenous vein, or other 
vein, would have prolonged and complicated 
the operation. The use of the ascending aorta 
with its pericardial patch seemed too perilous 
an undertaking. The left internal mammary ar- 
tery was studied on the preoperative cinean- 
giogram and was known to be intact and of 
good caliber. It was readily accessible in the 


372 The Annals of Thoracic Surgery Vol 31 No 4 April 1981 


operative field, and was therefore utilized. The 
internal mammary artery—saphenous vein 
composite graft might be considered in other 
situations where the aorta is friable or severely 
calcified, or if insufficient length of saphenous 
vein is available to reach the ascending aorta. 
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Notice from the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery now 
requires that candidates pass both the written 
and oral portions of the certifying examination. 
In 1980 and thereafter, a written examination 
will be given prior to the oral examination. It 
will be necessary to pass the written examina- 
tion before the oral examination can be taken. 
The closing date for registration for 1982 is Au- 
gust 1, 1981. The exact times and places of these 
examinations will be announced later. 


A candidate applying for admission to the 
1982 certifying examination must fulfill all the 
requirements for the Board in force at the time 
the application is received. 

Please address all communications to the 
American Board of Thoracic Surgery, 14640 E 
Seven Mile Road, Detroit, MI 48205. 


Contractile Fibroblasts 


(Myofibroblasts) in a Painful Pacemaker Pocket 


Ross Rudolph, M.D., Joe R. Utley, M.D., and Marilyn Woodward, B.S. 


ABSTRACT Electron microscopy of a painful fi- 
brotic capsule around a cardiac pacemaker revealed 
classic myofibroblasts. These contractile fibroblasts 
share characteristics of both smooth muscle cells and 
fibroblasts and are thought to be the cellular cause of 
wound and scar contraction. The occurrence of pain 
and tenderness around a sterile pacemaker probably 
indicates contraction of scar tissue as the basis of the 
symptoms. This scar tissue is similar to that seen 
around other large inert implants placed in the 
thoracic tissue. 


Pain and tenderness around a pulse generator 
are frequently due to infection. Contraction of 
the capsule around the pulse generator can lead 
to similar symptoms. The effects of contraction 
around implants in the breast have been recog- 
nized for many years [1], and similar contrac- 
tion can occur around other large thoracic im- 
plants. 


A 57-year-old woman had an atrioventricular 
sequential pacemaker (Cordis Atricor) placed 
in April, 1974, for intermittent 2:1 atrioven- 
tricular block. Cordis atrial and ventricular 
leads were used. In January, 1976, the Atricor 
pulse generator failed, and a Medtronic bipolar 
demand pulse generator (Model 5950) was 
placed using the previous epicardial leads. In 
October of that year, the Medtronic bipolar 
ventricular demand pulse generator was re- 
moved, and a Cordis Omni Atricor (Model 
164-A) atrioventricular sequential pacemaker 
was inserted. The Omni Atricor pacemaker is 
encapsulated in a clear, tissue-compatible 
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epoxy mixture with a stainless steel plate on 
one side. This pacemaker was connected to the 
previously placed atrial and ventricular leads. 
No evidence of local infection followed any of 
the three pacemaker placements. 

Nine months after the last pulse generator 
placement, the patient noted increasing pain at 
the pulse generator site. Induration, slight 
erythema, and tenderness at the site of the 
pacemaker pocket developed. There were no 
fluctuant structures or purulence in the area. In 
March, 1978, the Atricor pulse generator was 
moved from the subcutaneous pouch in the left 
upper quadrant, to a subfascial location in the 
right upper quadrant of the abdomen. Cultures 
of the pouch showed no bacterial growth. The 
pacemaker pocket was very fibrotic. Light mi- 
croscopy showed “granulation tissue with 
acute and chronic inflammation." 

This wound healed primarily with no evi- 
dence of inflammation. Within two months, a 
reaction, similar to the previous pacemaker 
reactions, had developed in the right upper 
quadrant site. It included pain and local ten- 
derness, again without erythema, fluctuant 
structures, or purulence. Narcotics were re- 
quired for relief from pain. On May 11, 1978, a 
transvenous pacemaker was placed through the 
right cephalic vein, and a new pulse generator 
was placed in the right thoracic subpectoral 
pocket (Medtronic Model 5954). 

On May 18, 1978, the Atricor pulse generator 
was removed from the right upper quadrant lo- 
cation, leaving the original epicardial atrial and 
ventricular leads in place. Cultures of the 
pocket showed no organism. Biopsies were 
taken of the smooth, hard pacemaker capsule. 
Histopathology on light microscopy showed 
"fibrosis and chronic inflammation." At this 
time, tissue was harvested from the pacemaker 
pocket for electron microscopy, as will be de- 
scribed. 

Again all wounds healed without evidence of 
infection. On May 20, 1978, the patient's pulse 
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dropped to 40 beats per minute. The pacemaker 
lead was repositioned and connected to the 
Medtronic pacemaker. Since then, pacing has 
been normal and the patient has had no weak- 
ness or fatigue. The right pectoral pulse gen- 
erator site has been moderately painful, and 
the patient has needed narcotics occasionally 
for relief from pain. The capsule has shown 
some tenderness but not as severe as in the pre- 
vious pockets. 


Electron Microscopic Preparation 

The tissue removed for electron microscopy was 
immediately minced into 1 mm cubes and 
placed in a fixative of 4% paraformaldehyde, 
5% glutaraldehyde, buffered with sodium 
cacodylate 0.1 M. After four hours of fixation, 
the tissues were washed three times with 0.1 M 


Fig 1. Electron photomicrograph of a myofibroblast 
from the contracted painful capsule around the pace- 
maker. Classic features of a myofibroblast are the con- 
voluted nucleus (N), the bundles of 60 to 80 A mi- 
crofilaments with electron-dense bodies (*), and a basal 
lamina surrounding the cell (arrow). (X10,000) 


sodium cacodylate buffer and postfixed with 
2% osmium tetroxide. Then the tissue was pro- 
gressively dehydrated in ethanol followed by 
propylene oxide-Epon mixture, proceeding to 
pure Epon for embedding. The tissues embed- 
ded in pure Epon were cured in an oven over- 
night at 60°C. Thick sections were cut and 
stained with methylene blue. Thin sections 
were cut using an LKB Ultramicrotome and 
were stained with uranyl acetate and lead ci- 
trate. Electron microscopy was performed using 
a Zeiss 10 electron microscope at 4,000 to 16,000 
magnification. 


Electron Microscopic Findings 

The capsule contained dense collagen and had 
many fibroblasts with the classic appearance of 
contractile myofibroblasts (Figs 1, 2). These 
cells contained convoluted nuclei, along with 
large bundles of 60 to 80 A microfilaments and 
electron-dense bodies like those seen in smooth 
muscle cells. Basal lamina also were seen 
around the myofibroblasts. Rough endoplasmic 
reticulum was prominent, indicating active 
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Fig 2. Higher power view of another myofibroblast from 
the pacemaker pocket. Large bundles of 60 to 80 A mi- 
crofilaments (*) and basal lamina (arrow) are promi- 
nent. ( X25,000.) 


protein synthesis. Multiple intercellular con- 
nections of the desmosome and gap junction 
types were seen. 

Over 8096 of the fibroblasts seen in the pace- 
maker pocket had clearly defined myofibroblast 
features. Thus, myofibroblasts were the pre- 
dominant cell type in the pacemaker pocket scar 
tissue. 


Comment 

Complications of pacemakers include dis- 
placement of the electrodes, dislodgment of the 
pulse generator, perforation of the myocardium 
by the electrode, electrode fracture, premature 
failure, induction of arrhythmias, and skin ero- 
sion with or without infection of the pouch [2, 
3]. Not uncommonly there is pain and tender- 
ness around the implant, but frank infection 
may not be identified. Patients can have 
gradual erosion of the implant through the 
skin, an unusual phenomenon if the implant 





was truly inert. Elaborate procedures can be 
used to prevent such erosion [4]. The mystery 
concerning painful pacemaker pockets in the 
absence of infection has led some authors [2] to 
postulate "allergic reactions" to the pulse 
generators, although indications of true allergy 
may be absent. 

Electron microscopy study was performed on 
our patient since it occurred to us that the reac- 
tion around pacemakers might be similar to 
that observed around the other type of large 
inert implant placed in the thoracic area—the 
silicone breast implant. Clinical experience with 
silicone breast implants has shown that their 
main complication is the development of con- 
traction around the implant, which can lead to 
rounding of the scar capsule and pain around 
the implant [1, 5]. While the cardiac pacemaker 
cannot change shape, it is entirely likely that 
it could cause the same type of tissue reac- 
tion. The development of capsular contraction 
around silicone breast implants is unpredictable: 
it occurs in some patients and not in others. We 
propose that the same is true of reactions 
around pacemakers. Probably the material of 
the implant is not as important as the presence 
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of a large object, to which the body responds 
with a wound contraction phenomenon. 

In this study, classic myofibroblasts were 
found in the painful pacemaker pocket. Con- 
tractile fibroblasts, called "myofibroblasts" by 
Gabbiani and co-workers [6] in 1971, are clearly 
established as the cause of wound contraction. 
They share many electron microscopic charac- 
teristics of fibroblasts and smooth muscle cells 
[6, 7]. Pharmacologically and immunologically, 
myofibroblasts behave as though they have the 
ability to contract like smooth muscle cells. 
Myofibroblasts have been clearly identified in 
the scar pockets around silicone breast implants 
and are probably the cause of contraction in 
these tissues [5]. 

The plastic surgeon who has to treat a con- 
tracted capsule around a breast implant has two 
options—manual capsulotomy or surgical cap- 
sulotomy. The former involves forcefully com- 
pressing the breast and tearing the scar capsule, 
an effective but rather medieval procedure. The 
latter uses direct surgical release of the con- 
tracted tissues. Neither option is totally satis- 
factory since contraction can recur, just as it can 
around a pacemaker. 

The presence of classic myofibroblasts 
around the pacemaker in our patient suggests 
that the pain was due to constant, unremitting 
contraction of the scar tissue around the im- 
plant. In some patients this contraction can be 
so severe that the implant is forced through the 
weakest portion of the capsule and gradually 
erodes through the skin. 

The smooth lining that develops around the 
pacemaker is anatomically similar to that 


around the silicone breast implant. This has 
practical significance for the cardiac surgeon 
since the question occasionally comes up as to 
what to do with the pocket that is left behind if 
a pacemaker is removed [8]. Studies using sili- 
cone breast implants [9] indicate that the capsule 
is not epithelial-lined but is merely a fibrous 
connective tissue pocket. When the implant is 
removed, the capsule absorbs spontaneously. 
Thus, there is no need to remove the capsule 
around a pacemaker. 
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And that’s a tall order. 

Spectrax. Broadening the spectrum of pre- 
cise patient management. 
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Medtronic^ Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
labeling for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications —There are no known contraindications 
to the use of pacing as a therapeutic modality for the control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings —Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct labeling for a complete list of warnings and precau- 
tions.) 


Precautions—The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted priorto failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 

Side Effects —Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
ponade. 


Model 9700/9701 Programmers 


Intended Use—The Medtronic® Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic® pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
grammer. 


Warnings—The programmers should only be used for pro- 
gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occur if the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
product labeling for a complete list of warnings and precau- 
tions. 


NOW-—A handsome way to protect 
and preserve your personal copies of 


ANNALS OF THORACIC SURGERY 


A durable custom-designed Library Case or Binder 
will protect your copies of the ANNALS OF 
THORACIC SURGERY from loss and wear. At the 
same time, this impressive addition to your library 
will help you conserve valuable space and reduce 
clutter. Both the case and the binder come in hand- 
some maroon simulated leather, with an embossed 
spine in black lettering for maximum legibility. 
Scuff-resistant and washable, each includes gold 
transfer so you can print the volume and year. 


Order your Library Case or Binder for the 
ANNALS OF THORACIC SURGERY by simply 
mailing the coupon below with your check, specify- 
ing with your order which style and size you prefer. 
Satisfaction is unconditionally-guaranteed or your 
money back. 
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My check or money order for $___is enclosed. 
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L] THE ANNALS OF THORACIC SURGERY 


Binder(s). Each binder holds 12 issues. Prices: 
$7.50 each; 3 for $21.75; 6 for $42.00. 


O THE ANNALS OF THORACIC SURGERY Cases(s). 
Each case holds 12 issues. Prices: $5.95 each; 
3 for $17.00; 6 for $30.00. 
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City State Zip 


(The prices above include postage and handling within the 
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setter, but it took AXIOM to 
inherent clinical qualities with 
echnology to give you a complete line: 


AXIOM MEDIASTINAL DRAINS 


(available in 3 eye patterns and 4 sizes, 
including adult and pediatric) 


AXIOM THORACIC DRAINS 


RIGHT ANGLE THORACIC DRAIN 


STRAIGHT THORACIC DRAIN 
(available in 8 sizes, both adult and pediatric) 


AXIOM SUMP DRAINS 


UNI SUMP 


DUAL SUMP 
(each available in 2 eye patterns and 2 lengths) 


FILTERED DUAL SUMP 
(available in 2 lengths) 


FREE SAMPLE 


OF ANY AVAILABLE DRAINS 


Contact your Axiom 
Representative or: 


ANA LO AA 
MEDICAL INC. 


7625 ROSECRANS BLVD., PARAMOUNT, CA 9072 
PHONE — (213) 633-0069 
CABLE— AXIOMMED TWX- 9103466988 
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Avitene (microfibrillar collagen hemostat), the only risks and complications. Versatility and ease of use make 
collagen topical hemostat, most nearly approaches the Avitene an asset for virtually any surgical specialty: 
ideal in topical hemostasis because Avitene produces general and abdominal surgery, neurosurgery, cardio- 
a clot the way nature produces a clot. Avitene actively vascular surgery. Procedures that can benefit from 


promotes hemostasis by attracting platelets which Avitene hemostasis include: - 
par Mi roo | micronbrde ane ayo the submucosal resection thyroidectomy 

! ! j ; laparotomy tonsillectomy 
Avitene adheres tenaciously to irregular bleeding sites vascular anastomoses craniotomy i 
and does not interfere with normal healing processes. polyp removal | bone bleeding EC 
It should be specified as the topical hemostat whenever laminectomy | 





there is diffuse, nuisance bleeding; localized oozing > 
and weeping; bleeding from areas inaccessible to suture See following page for prescribing information. For 
ligation; or bleeding from friable organs that could be further information, please contact Medical Services 
compromised by cautery or added sutures. =  .. * Department of American Critical Care, Division of 

As an adjunct to conventional methods of hemostasis, American Hospital Supply Corporation, 1600 Waukegan: ^ 


Avitene works rapidly, saves blood, and minimizes ‘Road, McGaw Park, Illinois 60085, Phone 312-473-3000. 
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AV ITENE. 


microfibrilar colagen hemostat 


Brief Summary of Prescribing Information 


Description: Avitene"* (microfibrillar collagen hemostat) is an absorb- 
able topical hemostatic agent prepared as a dry, sterile, fibrous, water in- 
soluble partial hydrochloric acid salt of purified bovine corium collagen. 
In its manufacture, swelling of the native collagen fibrils is controlled 
by ethyl alcohol to permit noncovalent attachment of hydrochloric acid 
to amine groups on the collagen molecule and preservation of the es- 
sential morphology of native collagen molecules. Dry heat sterilization 
causes some cross-linking which is evidenced by reduction of hydrating 
properties, and a decrease of molecular weight which implies some 
degradation of collagen molecules. However, the characteristics of colla- 
gen which are essential to its effect on the blood coagulation mechanisms 
are preserved. 


Indications: Avitene is used in surgical procedures as an adjunct to 
hemostasis when control of bleeding by ligature or conventional pro- 
cedures is ineffective or impractical. 


Contraindications: Avitene should not be used in the closure of skin 
incisions as it may interfere with the healing of the skin edges. This is 
due to simple mechanical interposition of dry collagen and not to any 
intrinsic interference with wound healing. By filling porosities of can- 
cellous bone, Avitene may significantly reduce the bond strength of 
methylmethacrylate adhesives. Avitene should not, therefore, be em- 
ployed on bone surfaces to which prosthetic materials are to be attached 
with methylmethacrylate adhesives. 


Warnings: Avitene is inactivated by autoclaving. Ethylene oxide reacts 
with bound hydrochloric acid to form ethylene chlorohydrin. This product 
should not be resterilized. It is not for injection. Moistening Avitene 
or wetting with saline or thrombin impairs its hemostatic efficacy. It 
should be used dry. Discard any unused portion. As with any foreign 
substance, use in contaminated wounds may enhance infection. 


Precautions: Only that amount of Avitene necessary to produce hemo- 
stasis should be used. After several minutes, excess material should 
be removed; this is usually possible without the reinitiation of active 
bleeding. Failure to remove excess Avitene may result in bowel ad- 
hesions or mechanical pressure sufficient to compromise the ureter. In 
otolaryngological surgery, precautions against aspiration should include 
removal of all excess dry material and thorough irrigation of the pharynx. 
Avitene contains a low, but detectable, level of intercalated bovine 
serum protein which reacts immunologically as does beef serum albumin. 
Increases in anti-BSA titer have been observed following treatment with 
Avitene. About two-thirds of individuals exhibit antibody titers because 
of ingestion of food products of bovine origin. Intradermal skin tests 
have occasionally shown a weak positive reaction to BSA or Avitene 
but these have not been correlated with IgG titers to BSA. Tests have 
failed to demonstrate clinically significant elicitation of antibodies of 
the IgE class against BSA following Avitene therapy. Care should be 
exercised to avoid spillage on nonbleeding surfaces, particularly in 
abdominal or thoracic viscera. Teratology studies in rats and rabbits 
have revealed no harm to the animal fetus. There are no well-controlled 
studies in pregnant women; therefore, Avitene should be used in preg- 
nant women only when clearly needed. 


Adverse Reactions: The most serious adverse reactions reported which 
may be related to the use of Avitene are potentiation of infection in- 
cluding abscess formation, hematoma, wound dehiscence and media- 
stinitis. Other reported adverse reactions possibly related are adhesion 
formation, allergic reaction, foreign body reaction and subgaleal seroma 
(report of a single case). The use of Avitene in dental extraction sockets 
has been reported to increase the incidence of alveolalgia. Transient 
laryngospasm due to aspiration of dry material has been reported fol- 
lowing use of Avitene in tonsillectomy. 


How Supplied: In 1 gm and 5 gm sterile jars of sterile microfibrillar 
collagen hemostat, all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar is 
sterile until opened. 


*Avitene is a registered trademark of Avicon, Inc. 
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:: Division of 
American Hospital Supply Corporation 
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point of view is important 


Transverse Anatomy of the 
Human Thorax, Abdomen, 


and Pelvis: 

An Atlas of Anatomic, Radiologic, 
Computed Tomographic, and 
Ultrasonic Correlation 


By Alvin C. Wyman, M.D., Clinical Professor of 
Radiology and Chief, Division of Diagnosis, The George 
Washington University School of Medicine and Health Sciences, 
Washington, D.C. 


Thomas L. Lawson, M.D., Associate Professor of 
Radiology and Chief, Section of Ultrasonography and Computed 
Tomography, Medical College of Wisconsin, Milwaukee, 
Wisconsin, and 


Lawrence R. Goodman, M.D., Associate Professor 
of Diagnostic Radiology, The Hahnemann Medical College 
and Hospital of Philadelphia 


This spectacular atlas is an authoritative refer- 

ence on normal anatomic relationships from the tho- 
racic inlet to the pelvic outlet. The 142 illustrations 
are organized by subsection of the anatomic region 
and oriented clinically to avoid the need for interpre- 
tation of mirror images. A photographic reproduction 
is paired with a radiographic reproduction of each 
view to display different features of the same speci- 
men. Photographic magnifications of tissue sections 
and corresponding ultrasonograms and computed 
tomograms are presented for comparison when 
appropriate. Important anatomic structures are 
clearly identified and precisely labeled. Explanatory 
text material on clinically relevant anatomic features 
supplements the fine illustrations in this superb 
volume. 


144 pages, with 142 illustrations, some in full color. 
*962503-87Y 1, $45.00 
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HOW TO DO IT 


A Simple Technique of Placing 
Temporary Atrial Pacemaker Electrodes 


Panos G. Spyrou, M.D. 


ABSTRACT A simple method of placing temporary 
atrial pacemaker wires in open-heart operations is 
presented. The technique requires no sutures, uses 
ordinary metallic clips, and is free from complica- 
tions. 


The technique to be described is a simple, effi- 
cient way to place temporary atrial pacemaker 
wires during an open-heart operation. Since 
June, 1978, I have used this technique in 35 pa- 
tients. In all of them, 10096 pacing was ob- 
tained, and there were no difficulties removing 
the atrial pacemaker wires in the postoperative 
period. 


Technique 

Following completion of the open-heart proce- 
dure or as soon as the pericardium has been 
opened, an area at the base of the right atrial 
appendage is selected. The atrial wall is grasped 
and elevated with a vascular forceps, and the 
uncoated end of a Teflon-coated temporary 
pacemaker wire,* the curved needle of which 
has been removed, is brought in contact with 
the elevated small portion of the right atrial 
wall. An ordinary, medium-sized, metallic clip 
is applied in such a way as to include both the 
atrial wall and the short piece of uncoated 
pacemaker electrode. Care should be taken to 
apply the clip with appropriate force to permit 
adequate wire fixation. A second wire is simi- 
larly attached to the atrial wall approximately 2 
cm from the first one. If better fixation is de- 
sired, a second metallic clip can be used a few 
millimeters from the first one (Figure). When 
sequential pacing is desired, two similar elec- 
trodes are attached to the right ventricular wall 
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in the usual fashion. Using the Keith needle, 
the atrial wires are excited in the right subcostal 
area and the ventricular wires in the left sub- 
costal region. Pacing is established with a 
commercially available atrioventricular (AV) 
sequential demand pacemaker. The one I have 
used is manufactured by American Optical Co., 
Framingham, MA. 


Comment 

Insertion of temporary atrial pacemaker elec- 
trodes alone or with ventricular ones is a com- 
mon practice in open-heart operations today 
[1]. Atrial or AV sequential pacing can then be 
applied as needed [2]. Reluctance to place atrial 
wires is related to technical difficulties and in- 
ability to establish pacing due to dislocation or 
poor contact of pacemaker wires with the heart 
tissue. Known methods of placing atrial wires 
are to incorporate the wires in the pursestring 
sutures of venous cannulation or to fold the 
atrial tissue around the wires with mattress su- 
tures. Incorporating wires in the pursestring 
sutures of venous cannulation is rapid and 
simple but has two distinct disadvantages. One 
is that the atrial tissue is most likely severely 
ischemic and conduction can be impaired. This 
results in a lack of pacing. The other is that two 
venous cannulation sites should be available 
and the wires can be placed only following de- 
cannulation. Folding the atrial wall around the 
pacemaker wires with mattress sutures is 
time-consuming and usually provides poor 
wire fixation, often associated with the lack of 
pacing [3]. 

The technique described here is simple, very 
rapid, and sutureless. It can be applied irre- 
spective of venous cannulation sites or number, 
and is free from complications. Pacing with this 
method can be quickly established as soon as 
the pericardium is opened and is especially 
helpful when serious rhythm disturbances are 
encountered before institution of cardiopulmo- 
nary bypass or when similar rhythm problems 
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Pacemaker wires and metallic clips in place. Inset illus- 
trates fixation of the pacemaker wire with two metallic 
clips. 





occur during the construction of a proximal 
aortic anastomosis in coronary bypass opera- 
tions. Using electrically conductive material, 
such as the metallic clips, secures good conduc- 
tivity among the elements of the wire-clip- 
atrial tissue complex. Finally, because of the 
technical simplicity of this technique, atrial 
wires can be placed in any area of the right or 
left atrial tissue, for example, the left atrial ap- 
pendage. I strongly recommend this technique 
for its simplicity, efficiency, and extremely 
rapid application. I now use it routinely when 
AV sequential pacing is required. 
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Intermittent Venting of the Left Ventricle 


lan M. Ross, C.P., and Terrill E. Theman, F.R.C.S.(C) 


ABSTRACT A technique is described for intermit- 
tent decompression of the left ventricle. This method 
provides all of the advantages of left ventricular 
venting while eliminating the hazards. The tech- 
nique is most advantageous in coronary artery oper- 
ations. 


As coronary artery bypass operations become 
more commonplace, the surgical techniques 
are, in general, being standardized. One area of 
controversy persists, however: the necessity to 
decompress the left ventricle [1]. There are 
some who advocate routine venting of the left 
ventricle [2, 3], while others maintain that there 
is no need for such a technique [4-6]. Most sur- 
geons who do not use left ventricular vents 
argue that venting prolongs the operation, 
damages the myocardium, and risks the intro- 
duction of air into the aortic root [4-9]. 
Nevertheless, it is difficult to ignore the pio- 
neering work of Buckberg [2, 3] regarding the 
favorable effect of venting on left ventricular 
work and subendocardial blood flow. 


Method 

Once cardiopulmonary bypass is established in 
the routine manner, the left ventricle is vented 
with a Sarns curved left heart vent catheter 
passed from the right superior pulmonary vein 
across the mitral valve into the left ventricle. A 
side port on the vent is attached to a pressure 
transducer while the main channel is connected 
to a roller pump (Fig 1). 

As Figure 2 illustrates, the vent tubing has a Y 
junction before it enters the roller pump. The 
second limb of the Y consists of a 50.8 cm (20 
inch) piece of 0.6 cm (0.25 inch) (inner diame- 
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ter) tubing connected to an air-bleed valve and 
a standard vacuum gauge. Prior to the start of 
cardiopulmonary bypass, the vent tubing is 
clamped on the patient side of the Y connector 
and the pump is set at one-third speed. The 
air-bleed valve is then adjusted to maintain a 
vacuum of 120 torr, after which the clamp is re- 
moved. This prevents collapse of the vent, and 
the air-bleed valve allows adjustment for more 
or less venting. 

It is our technique to connect the vent to 
gentle suction soon after the initiation of car- 
diopulmonary bypass to reduce left ventricular 
work. During this period the blood cardio- 
plegia solution is cooled and the saphenous 
vein graft is prepared. 

Following aortic cross-clamping, the cold 
blood cardioplegia solution is infused into the 
aortic root and the left ventricular intracavi- 
tary pressure is monitored by the perfusionist. 
Suction is not applied to the vent unless the 
left ventricular pressure exceeds 15 torr. This 
method permits the aortic root and left ven- 
tricular cavity to remain fluid filled and free 
from entrained air. 

Once all of the distal coronary artery anas- 
tomoses have been completed, the aortic cross- 
clamp is removed and the left ventricular vent is 
attached to gentle suction. With reperfusion of 
the coronary bed, spontaneous normal cardiac 
activity usually follows, thus creating a vented, 
beating heart. A partial occlusion clamp is used 
for the proximal graft anastomoses. 

After the proximal coronary anastomoses 
have been completed and air bubbles have 
been removed from the vein grafts, the anas- 
tomoses all are carefully examined and hemo- 
stasis is assured. With the patient at nor- 
mothermia and a satisfactory cardiac rhythm, 
the vent is turned off and removed. A left atrial 
line is routinely inserted at this stage to enable 
accurate monitoring of the left heart filling 
pressures during weaning from cardiopulmo- 
nary bypass. This left atrial line is usually left in 
place for the first 24 hours postoperatively. 
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Fig 1. The left ventricular vent catheter properly 
positioned. The side port for pressure measurement and 
the main line for suction to the pump are diagramed. 
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Fig 2. The vent suction system. 


Comment 

The use of intermittent left ventricular venting 
offers the advantage of left ventricular decom- 
pression in both the beating heart and in the 
arrested left ventricle without the risk of en- 
trainment of air into the aortic root and left 


ventricle. In our experience of more than 100 
patients having open-heart operation, the use 
of a left ventricular vent inserted through the 
pulmonary vein does not prolong the operative 
procedure by more than five minutes, and has 
never resulted in myocardial injury. 

By reducing left ventricular work, this tech- 
nique creates a favorable myocardial oxygen 
supply/demand ratio both before aortic cross- 
clamping as well as after the removal of the 
cross-clamp [3]. The provision of a vented 
beating, nonworking left ventricle following 
removal of the cross-clamp offers an opportu- 
nity to repay any oxygen debt incurred during 
the anoxic phase [1]. The technique is easy to 
use and does not involve any methods not al- 
ready employed by the majority of cardiac sur- 
geons. For more than a year, its efficacy and 
safety have been demonstrated in our patient 
population in whom it has been used. 
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Aortopulmonary Anastomosis 
in Patients with Levotransposition 


J. R. Utley, M.D. 


ABSTRACT A technique for approximating the 
right pulmonary artery to the aorta in levo (L) trans- 
position is described. The anastomosis is placed 
high on the ascending aorta to avoid occluding the 
coronary circulation by the clamp during the anas- 
tomosis. It is in patients with occluded left side 
anastomoses or single right pulmonary arteries that 
the right-sided anastomoses are most useful in L- 
transposition. 


The construction of an aortopulmonary anas- 
tomosis is associated with increased mortality 
in young infants and with intact ventricular 
septum, dextrotransposition, and levo (L) 
transposition [1-5]. Virtually any type of intra- 
ventricular, septal, or right ventricular inflow 
and outflow condition can be associated with L- 
transposition. Thus, the presence of tricuspid 
atresia, a single ventricle, pulmonary atresia, or 
intact ventricular septum can contribute to the 
risk of the operation. The altered anatomy of 
the aorta, pulmonary artery, and coronary ar- 
teries in L-transposition can add to the in- 
creased risk of performing an aortopulmonary 
anastomosis. The presence of a subaortic in- 
fundibulum in L-transposition places the coro- 
nary ostia relatively high on the ascending aorta 
and the pulmonary artery bifurcation relatively 
low in relation to the ascending aorta. Although 
approximation of the right pulmonary artery to 
the aorta is more difficult in L-transposition, 
it is possible with mobilization of the vessels. 
The anastomosis should be placed higher on 
the ascending aorta to avoid occluding the 
coronary circulation by the clamp during the 
anastomosis. 
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Methods 

Preoperative Angiography 

Identification of ascending aortic position in L- 
transposition is most important. Visualization 
of pulmonary arteries is helpful but not essen- 
tial in infants because arteries adequate for 
anastomosis are usually present. Lesions are 
better treated by palliative than corrective pro- 
cedures in the presence of L-transposition in in- 
fancy. Therefore, definition of intraventricular 
anatomy and inflow or outflow lesions is less 
important once the presence of L-transposition 
has been established. 

In older patients, definition of intraven- 
tricular anatomy is essential when a correc- 
tive procedure is being considered. If repair is 
not feasible and further palliation is con- 
templated, demonstration of pulmonary artery 
anatomy and the status of previous aortopul- 
monary anastomoses is most important. It is in 
patients with occluded left-sided anastomoses 
or single right pulmonary arteries that the 
right-sided anastomoses are most useful in L- 
transposition. 


Operative Technique 

The approach best suited for aortopulmonary 
anastomosis in L-transposition is from the left 
side through a third or fourth intercostal space 
incision. Figure 1 shows the details of this 
anastomosis. The left pulmonary artery is 
occluded distally with a double loop of heavy 
material. The tangential clamp is placed on the 
ascending aorta in such a way as to include the 
left pulmonary artery. The completed anas- 
tomosis permits flow into both pulmonary ar- 
teries. 

The right-sided approach for L-transposition 
is preferred when there is absence of the left 
pulmonary artery or occlusion of the artery at 
the site of a previous left-sided anastomosis. 
Figure 2 shows the technique used for side-to- 
side anastomosis of the right pulmonary artery 
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Fig 1. The preferred approach for aortopulmonary 
anastomosis in L-transposition is through a left thora- 
cotomy. The side-to-side anastomosis between the pos- 
terior ascending aorta and the left pulmonary artery ts 
performed relatively high on the aorta to avoid clamp- 
ing the ostium of the left coronary artery. 





Fig 2. When the goal of the operation is to increase flow 
to only the right lung, anastomosis to the right pulmo- 
nary artery (PA) (1) or main pulmonary artery (2) can 
be performed through a right thoracotomy. The arteries 
must be extensively mobilized to avoid kinking. The best 
indication for this approach is absence of, previous oc- 
clusion of, or a functioning anastomosis to the left pul- 
monary artery. (AO = aorta.) 


Fig 3. With r-transposition and pulmonary atresia, the 
main pulmonary artery can be detached from the 
ventricle and anastomosed end-to-side to the aorta. This 
anastomosis has less potential for kinking and allows 
better perfusion of the left lung. 


or main pulmonary artery to the aorta. The 
anastomosis to the right pulmonary artery par- 
ticularly, requires mobilization of both right 
pulmonary artery and aorta to obtain approxi- 
mation. This anastomosis is prone to kink and 
obstruct the left pulmonary artery, a result that 
is of no consequence in patients with previous 
occlusion of the left pulmonary artery. Figure 2 
shows side-to-side anastomosis of the main 
pulmonary artery to the aorta. The anastomosis 
is in a lower relative position on the aorta, and 
placement of the clamp puts the left coronary 
artery in greater jeopardy of obstruction by the 
clamp. 

In patients with pulmonary atresia and L- 
transposition, the technique shown in Figure 3 
may be useful from the right side. Anastomosis 
of the main pulmonary artery to the aorta in this 
fashion is less likely to kink and, therefore, al- 
lows perfusion of both pulmonary arteries. 
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Again, the position of this anastomosis is rela- 
tively low on the ascending aorta, and mobili- 
zation of pulmonary arteries or aorta or both 
may be necessary to avoid obstruction of the 
left coronary artery by the vascular clamp. 
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Decannulation from the Tenuous Aorta 


Jeffrey M. Piehler, M.D., and James R. Pluth, M.D. 


ABSTRACT Arterial decannulation from a diseased 
aorta at high pressure can be hazardous. A technique 


increasing the safety of this maneuver is described. 


For most surgeons, the ascending aorta has be- 
come the preferred site for arterial cannula- 
tion in the majority of patients requiring car- 
diopulmonary bypass. Aortic cannulation has 
proved more convenient and expedient, and 
is associated with fewer vascular complications 
than the alternative, femoral artery cannulation. 
Our method of aortic cannulation involves 
the insertion of the cannula through a stab 
wound placed within two concentrically placed 
pursestring sutures of 3-0 monofilament, the 
sutures having been placed so as to incorporate 
the aortic adventitia and a portion of the media. 
At the conclusion of the surgical procedure, de- 
cannulation and tying of the inner pursestring 
suture are carried out without tension by first 
tightening the outer suture, which is then tied. 
Thus, in most instances, cannulation and de- 
cannulation can be effected without using a 
partial occlusion clamp, which can be damag- 
ing to the calcified aorta. Occasionally, the clo- 
sure requires further support with a pledgeted 
mattress suture, which can be placed above a 
partial occlusion clamp providing the aorta is 
not calcified, and at relatively low pressure. 
This method has proved to be both safe and 
expedient in more than 2,600 patients managed 
over 10 years. In rare instances, however, 
subsequent close inspection of the aorta at 
aortotomy revealed the vessel to be so thin, cal- 
cified, or softened by atheromatous degenera- 
tion that the conventional method of decannu- 
lation or application of a partial occlusion clamp 
to the aorta at high systemic pressure was con- 
sidered potentially hazardous. In our practice, 
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this situation is encountered most frequent- 
ly after aortic valve replacement for calcific 
stenosis when the aorta is dilated and calcified 
and when systemic pressures often are high. 

Under these conditions, any attempt at de- 
cannulation is more safely undertaken if aortic 
pressure can be transiently and controllably 
lowered. Rather than rely on hypotensive or 
negative inotropic drugs with their high vari- 
ability in dose-response, we prefer the fol- 
lowing technique. It has been employed in 12 
instances and provided excellent results. 

After the patient is weaned from cardiopul- 
monary bypass and a second venous cannula, if 
utilized, is removed, the usual decannulation 
sequence is altered. First, the arterial and ve- 
nous pump lines are clamped and disconnected 
from their respective cannulae, and the arte- 
rial pump line is connected and opened to the 
venous cannula. This permits transfusion or 
withdrawal of blood through the venous can- 
nula by advancing or reversing the arterial 
pump head. Then, arterial pressure is lowered 
by careful removal of blood volume into the 
pump oxygenator reservoir to a level that varies 
with clinical circumstance but is frequently 
between 70 and 80 mm Hg. Once the lower 
pressure is reached, the arterial cannula is re- 
moved and the site repaired with pledgeted 
sutures. Our preference is to use a partial occlu- 
sion clamp if not contraindicated by extensive 
aortic calcification. With the arterial cannula 
safely removed, blood volume is restored by 
transfusion through the venous cannula, which 
is then removed in the usual manner. 

This technique permits precise control over 
aortic pressure, allows gradual return of pres- 
sure to the repaired cannulation site, and offers 
ready reversibility by blood removal should ad- 
ditional sutures be required, resulting in a de- 
gree of control over blood pressure that sur- 
passes that obtainable from pharmacological 
manipulations. While this maneuver should be 
required very seldom, it is useful when decan- 
nulation from the tenuous aorta is necessary. 
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NOTE 


Cotton Gloves: Useful Aids to Hold 
the Heart during Coronary Artery Operation 


Akio Wakabayashi, M.D. 


ABSTRACT 
the heart up out of the pericardial cavity is de- 


A technique using cotton gloves to lift 


scribed. The fingers can be used to widen the ar- 
teriotomy and to blot blood or cardioplegia solution 


in the arteriotomy. 


The recent trend to perform complete revas- 
cularization of the coronary arteries would not 
have been feasible without the use of cold car- 
dioplegia. When a vein is anastomosed to 
branches of the circumflex coronary artery or to 
the posterior descending coronary artery, how- 
ever, the operation often is technically difficult 
unless the heart is lifted high out of the pericar- 
dial cavity and held steady. I have been using 
cotton gloves for this purpose and found them 
very useful. The gloves are especially designed 
for surgical use and have been used during op- 
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erations on the lung for many years in Japan. 
Cotton gloves prevent slippage and provide a 
good, steady hold. 


Technique 

The fingers of the cotton gloves are moistened 
with normal saline solution to facilitate wearing 
over rubber gloves (Fig 1). The assistant who 
holds the heart wears the cotton gloves. With 
one hand, he elevates and holds the heart to 
provide exposure of the coronary artery to be 
bypassed (Fig 2). The cotton gloves allow this to 
be done more easily. Also, the fingers in the 
cotton gloves can be used to widen the ar- 
teriotomy by opening the epicardial incision to 
give better exposure. This means that epicardial 
stay sutures need not be placed. Blood or car- 
dioplegia solution in the arteriotomy can be 
blotted with a finger tip of the cotton glove. | 
find that the use of cotton gloves during coro- 
nary artery operation greatly facilitates the op- 
eration, and I recommend them. 





Fig 1. Cotton glove with fingers moistened to facilitate 
wearing over a rubber glove. 


Fig 2. Cotton gloves make it easier to lift heart from 
pericardial cavity and hold it steady in order to give ex- 
posure of coronary artery to be bypassed. 
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CLASSICS IN THORACIC SURGERY 


A Historical Account of the "Wet Lung of Trauma" 
and the Introduction of Intermittent Positive- 
Pressure Oxygen Therapy in World War II 


Lyman A. Brewer, III, M.D. 





Dr. Lyman A. Brewer, III 


ABSTRACT During World War II, my associates 
and I observed for the first time in medical history 
that casualties with severe brain, thoracic, abdomi- 
nal, and extremity trauma, who had persistent “wet” 
respiration (wet lung of trauma), were most difficult 
to resuscitate, withstood operation poorly, and had 
the highest mortality. The etiology appeared to be 
ineffectual cough and persistent bronchopulmonary 
fluid from hemorrhage, pulmonary transudates re- 
sulting from anoxia, airway obstruction, and un- 
known causes secondary to trauma, some of which 
have been discovered since then. 

Our treatment consisted of assisting cough, trans- 
nasal tracheobronchial aspiration and oxygenation, 
bronchoscopy, and tracheostomy. To treat the ad- 
vanced form, pulmonary edema, I devised an effec- 
tual hand-operated intermittent positive-pressure 
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oxygen machine, which has been supplanted by 
elegant automatic volume- and pressure-regulated 
devices. 

Through the use of the intermittent positive- 
pressure breathing machines, most hospitals have 
developed thriving departments of respiratory ther- 
apy. Better physiological monitoring and use of in- 
termittent mandatory ventilation and positive end- 
expiratory pressure have improved the care, but our 
basic principles of treatment are still the standards of 
respiratory therapy. 


In spite of the major advances in thoracic sur- 
gery made between World War I and World 
War II, the United States of America Medical 
Corps (USAMC) early in 1943, still considered 
thoracic surgery to be part of septic surgery and 
not a specialty in itself. It took months of some- 
times heated discussion with the medical com- 
mand in the Mediterranean Theater of Opera- 
tions before Drs. Thomas Burford, Paul Samson, 
and I (who were then a new breed of spe- 
cially trained thoracic surgeons and members of 
the 2nd Auxiliary Surgical Group [2nd ASG]) 
obtained permission to establish the first chest 
center in the USAMC near Bizerte, Tunisia, July 
19, 1943. Dr. Evarts A. Graham, Chairman of 
the National Research Council, who was re- 
sponsible for the formation of the auxiliary sur- 
gical groups, had the great foresight to include 
thoracic surgical teams with the 2nd ASG. 
However, as already mentioned, they were not 
employed exclusively for the performance of 
thoracic surgery until July 19, 1943. 

Although the center was housed in a tent 
hospital subject to the blistering heat of the 
Tunisian summer sun, we were so pleased to 
have the opportunity to show that thoracic sur- 
gery was a specialty that the inconveniences, 
secondary to the desert-like conditions under 
which we worked, seemed minor indeed. The 
marked reduction in morbidity and mortality 
for battle casualties with thoracic wounds, the 
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introduction of decortication for the treatment 
of hemothoracic empyema, the improved man- 
agement of intrathoracic foreign bodies, and 
the use of penicillin for thoracic wounds* helped 
convince the USAMC that thoracic surgery was 
a specialty [1]. 

In studying the casualties treated during the 
Sicilian campaign, it was seen that the initial 
operation on chest wounds at the forward hos- 
pitals was seriously wanting, for the most part. 
Faced with this information, Col. Edward D. 
Churchill (Fig 1), Consulting Surgeon of the 
Mediterranean Theater of Operations, on Sep- 
tember 5, 1943, assigned my thoracic surgical 
team first to go to the 94th Evacuation Hospital, 
on the invasion of Salerno, Italy, and then to 
work out the initial surgery of wounds of the 
chest in the forward hospitals (Fig 2) during the 
Italian campaign. After months of study, we 
obtained several important results, among 
them the emphasis on an integrated plan for 
cardiopulmonary resuscitation and the precise 
limitation of the indications for emergency tho- 
racotomy. These two measures greatly reduced 
mortality and eliminated unnecessary thoracot- 
omies (Fig 3) [3]. 

In addition, it was observed for the first time 
in medical history that the patients who had 
"wet" respiration and were unable to clear the 
bronchopulmonary tree of fluid substance were 
difficult to resuscitate, withstood operation 
poorly, and had the highest mortality and the 
greatest number of pulmonary complications. 
The term wet lung in war casualties or wet lung of 
trauma was applied to this condition. At the 
time of our original observations, we recog- 


*The first penicillin to be given in the USAMC was the re- 
sult of some unbelievable circumstances. At the chest center 
near Bizerte, in August, 1943, we were unsuccessfully treat- 
ing a soldier with streptococcal hemothoracic empyema and 
septicemia. We had tried in vain to get penicillin from the 
British. The septicemia was taking its toll, when one day 
along came "Happy" Chandler, Senator from Kentucky, to 
visit our hospital, with General Rankin, USAMC. (It so 
happened that our patient's home was in Kentucky.) An 
astute politician, Senator Chandler met every G.I. from 
Kentucky and wrote the family a report on the soldier's 
condition. When the senator came to our patient's bed, we 
told him of this soldier's desperate condition and of the 
fabulous new medicine of the British, penicillin. The 
senator reared back and bellowed, “General Rankin, I want 
you to get some of this-here ‘penicillium’ for this fine Ken- 
tucky boy!” The general did so; the septicemia cleared; the 
patient's recovery was complete. This shows that politicians 
can be invaluable at times. 
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Fig 1. Col. Edward D. Churchill, Professor of Surgery at 
Harvard Medical School and distinguished Consultant in 
Surgery for the Mediterranean Theater of Operations. 
He authorized extensive research on the pathogenesis 
and treatment of war wounds during the Italian cam- 
paign, including the studies that are reported here. His 
forte was gathering and disseminating new information 
throughout his command by hospital visits, conferences, 
and thoughtful directives during World War II. (From the 
Excelsior Surgical Society with permission from the Sec- 
retary, Dr. H. T. Ballantine, Jr.) 


nized that our descriptive term wet lung was not 
completely satisfactory because it referred only 
to the most striking feature of this syndrome. 
The current terminology—posttraumatic pulmo- 
nary insufficiency or the simplified, all-inclusive 
respiratory distress syndrome—more accurately 
describes the advanced stage of this syn- 
drome. In-depth studies over many months in 
the field hospitals showed clearly that the per- 
sistence of fluid in the bronchopulmonary tree 
was not only a physiological response to the 
pulmonary injury, as suggested by Burford and 
Burbank [4], but also was secondary to major 
trauma to the brain, abdomen, and extremi- 
ties (Fig 4) [5]. This syndrome was originally 
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Fig 2. The 11th Field Hospital, Eloyes, France, located 
right next to the clearing station ("litter carry" away) 
(A = Admitting; B = Wards; C = Shock; D = Surgery; 
E — Supply and Personnel). Inset shows the morass of 
mud before the admitting tent that resulted from winter 
rain and snow. The concentration of nontransportable 
patients in these forward installations made possible the 
studies of initial surgery of the chest and the “wet lung" 
described in the text. In Korea, the field hospital was 
renamed the Mobile Army Surgical Hospital (MASH) 
(well known to television buffs). (Personal photograph, 
September 25, 1944.) 


defined as the persistence of abnormal fluid 
substances in the bronchopulmonary tree. 
These abnormal fluids included blood from 
bronchopulmonary hemorrhage, intraalveolar 
edema, increased mucus secretion secondary to 
local thoracic injury, pulmonary transudates re- 
sulting from anoxia, airway obstruction, and, 
in some cases, aspiration gastric fluid.* As we 


*]t is of interest that at first, Col. Churchill was reluctant to 
accept our concepts on the wet lung of trauma. Because the 
ideas were so new and yet so far-reaching in their implica- 
tions, he believed that ideally they should be supported by 
physiological and experimental studies. Later, as we 
gathered more and more clinical experience, he had the 
grace to acknowledge the validity of our evidence. 
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Fig 3. I am performing the debridement of an extensive 
thoracic wall wound followed by a closed thoracostomy 
drainage with my thoracic surgical team in the 11th 
Field Hospital, Cassino, Italy, during World War II. 
Capt Charles A. Schiff, assisting, is on the left, while 
Capt Werner F. A. Hoeflich, our anesthetist, on the 
right, peers over the head of the table. (Personal photo- 
graph.) 
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THE "WET LUNG" IN WAR CASUALTIES 


Maor Lyman A. Brewer, M.C., A.U.S., 
Masor BensaMIN Bursank, M.C., A.U.S., 
Mayor PauL C. Samson, M.C., A.U.S., 
AND 
CAPTAIN CHARLES A. Scuirr, M.C., A.U.S. 


FROM THE 2ND AUXILIARY SURGICAL GROUP. 


EXPERIENCE gained in treating a large number of casualties in the Sicilian 
and Italian campaigns prior to July 1944, has shown the importance of the 
“wet lung” in reference to the morbidity and mortality of patierts with 
wounds of the chest, brain and abdomen. The authors’ combined experience 
consisted in the management of over 770 casualties in which the ches: wound 
was the primary concern as well as the thoracic complications that arose in 
over 3,000 other casualties of all types. 


Fig 4. First page of the original article "The ‘Wet Lung’ 
in War Casualties," published in 1946. (After Brewer 
LA III et al: Ann Surg 123:343, 1946 [5].) 


studied this condition, it became clear that 
there were additional factors then unknown 
that were secondary to shock and trauma 
elsewhere in the body. 

As the result of extensive laboratory and 
clinical investigation, a number of factors have 
been shown to be important in the develop- 
ment of the wet lung of trauma (now known 
as respiratory distress syndrome) in severe 
trauma to the brain, thorax, abdomen, and ex- 
tremities. These include increased pulmonary 
capillary permeability and pressure [6], mi- 
croemboli [7], toxic agents [8], pulmonary 
shunting [9], increased pulmonary dead space 
[9], and decreased surfactant [9]. Nevertheless, 
much remains to be learned about the compli- 
cated factors responsible for this syndrome. 

Our early observations showed that the per- 
sistence of these abnormal fluids was influ- 
enced by inefficient cough secondary to (1) a 
painful chest and abdomen, (2) diaphragmatic 
splinting, (3) paradoxically moving chest wall, 
and (4) coma. The diagnosis was made by de- 
tecting rales, heard with the stethoscope after 
cough or, in patients with advanced disease, 
felt on the chest wall with the accompanying 
signs of classic pulmonary edema. Chest roent- 
genograms showed varying degrees of haziness 
of the lung fields. 

Faced with this life-threatening condition, 
my colleagues and I [5] designed a practical 
program of treatment to clear the bronchopul- 
monary tree of fluid that prevented gaseous ex- 
change and to improve the oxygenation of the 
blood. Effectiveness of cough was bettered by 
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Fig 5. Bronchoscopic aspiration performed by me on a 
patient with wet lung syndrome, secondary to multiple 
thoracic, abdominal, and extremity wounds, in the 11th 
Field Hospital, Cassino, Italy, in World War II. Our 
anesthetist, Capt Werner F. A. Hoeflich, stands by. 
(Personal photograph.) 


several techniques. One was to support the 
painful chest by “hugging” the patient, placed 
in an upright position. This technique was 
done best by a nurse and was called the “happy 
family" technique. Another method was to 
apply an intercostal nerve block, which relieves 
pain and may lessen paradoxical movement and 
mucus secretion. A third method was to give 
small doses of morphine intravenously to con- 
trol pain but taking care to avoid morphine 
toxicity. A final method was to support the flail 
chest. When these measures failed or when the 
patient was in deep shock or semicomatose, 
transnasal catheter suction [10, 11] was em- 
ployed to aspirate the bronchial tree. The trans- 
nasal catheter was left in the trachea for as long 
as 48 hours for repeated aspiration and oxygen 
administration. When catheter suction was in- 
effectual, bronchoscopy was employed (Fig 5), 
especially for the removal of aspirated gastric 
contents, and sometimes tracheostomy. To 
provide an emergency source of suction when 
electric power was not available, the portable 
hand-driven suction machines that we devised 
proved very effective (Fig 6) [12]. 

It became obvious to us in studying this ad- 
vanced state of the wet lung of trauma that we 
were dealing with a true pulmonary edema of a 
type that had not been previously described in 
medical literature. Positive-pressure oxygen 
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Fig 6. Portable hand-operated suction machine devel- 
oped to provide a source of negative pressure when 
electricity failed or was not available. It was designed 
by Major William C. Brewer with me and built by the 
Ordinance Department. (A) Three-gallon spray pump: 
= handle; b = cutoff valve; c = three-gallon tank; 
d = piston; e = cylinder; f = valve reversed; and g = 
angle iron. (B) Valve detail before reversal: a = cylinder 
and b = valve in positive-pressure position. Continuous 
pumping of the piston exhausts the air from the tank 
and produces a vacuum. (After Brewer LA III, Burford 
TH: The Medical Department of the United States 
Army in World War II [12]. 


therapy had been employed by Barach [13] to 
treat pulmonary edema caused by gas poison- 
ing and pneumonia. Because we were losing 
patients with this type of pulmonary edema, I 
persisted in the development of a machine to 
deliver oxygen under pressure to open up col- 
lapsed alveoli and improve the oxygen gradient 
between the alveolus and the pulmonary capil- 
lary. Such a device was assembled by modify- 
ing a portable anesthetic machine. A manome- 
ter was added to measure mask pressure in the 
tightly fitting face mask. The anesthetic bag was 
squeezed manually on inspiration to augment 
the pressure up to 10 cm H,O or more as tol- 
erated. We were afraid of raising the positive 
pressure to a level that would reduce pulmo- 
nary venous return to the heart. Expiration fol- 
lowed the release of pressure on the rubber bag. 
By taking turns at the bedside, we were able to 
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Fig 7. First positive-pressure oxygen apparatus. It ini- 
tially was used on January 23, 1944, at Cassino, Italy, 
to treat casualties with pulmonary edema. The saline 
manometer in the foreground measured mask pressures 
in order that we could avoid use of pressures that might 
possibly collapse pulmonary veins. (After Brewer LA 
III: Ann Thorac Surg 7:390, 1969 [16].) 


provide this form of therapy from 12 to 24 hours 
or more, as needed. Although this method of 
administering intermittent positive-pressure 
breathing (IPPB) therapy was monotonous and 
tiring, it proved very effectual (Fig 7). 

On January 23, 1944, this machine was used 
successfully at the 11th Field Hospital, Cassino, 
Italy, to deliver IPPB oxygen therapy for the 
first time to treat a critically wounded semicon- 
scious patient, who had advanced pulmonary 
edema of the wet lung of trauma secondary to 
severe bilateral thoracic and general trauma.* 
From that date until the end of the war in 1945, 
this method of producing IPPB therapy proved 


"We have followed this patient for 38 years. He worked first 
for the post office and then as a plumbing contractor, and 
retired in 1980 at the age of 69 years. He remains well with- 
out chest complaints. Yearly roentgenograms made by Dr. 
Donald Paulson have remained clear. 


— aa 
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to be most effective in treating the advanced 
state of the wet lung of trauma in the Medi- 
terranean and European Theaters of Opera- 
tion. 

In a group of 167 nontransportable casualties 
successfully treated by me in the field hospi- 
tals during World War II, 4 died in the base 
hospital. Of the remaining 163 patients, 65 had 
severe "traumatic wet lung" problems, which 
were managed according to the principles re- 
corded here, and were followed through 16 
years of civilian life. The effectiveness of this 
therapy is demonstrated by this 16-year 
follow-up [14]. All of the patients were well and 
showed none of the chronic pulmonary and 
pleural complications that were the common 
sequelae of chest wounds received during 
World War I. 

After the war, I returned to teaching on the 
Loma Linda University Thoracic Surgical Ser- 
vices at the Los Angeles County General Hos- 
pital. In 1946, V. Ray Bennett came to our 
thoracic surgery wards to seek help in devel- 
oping the clinical application of a flow-sensitive 
breathing valve that he had devised in World 
War II to deliver positive-pressure oxygen for 
aviators undergoing tests for high-altitude fly- 
ing up to 50,000 feet. The machine that we de- 
veloped with Mr. Bennett was first used clini- 
cally on an elderly physician with pulmonary 
edema of the right lung secondary to myocar- 
dial infarction, following a left pneumonectomy 
performed for carcinoma. The relief of the pul- 
monary edema in the solitary lung by this au- 
tomatic device convinced us that this machine 
was obviously an important improvement over 
the hand-operated apparatus that I introduced 
in World War II. 

Tremendous progress has been made in re- 
spiratory therapy in the post-World War II 
era. Currently, there are very sophisticated 
volume- and pressure-controlled machines de- 
veloped by Bennett and others to administer 
positive-pressure breathing. Practically every 
hospital now has a department of respiratory 
therapy in which this type of machine is used. 
No intensive care ward is without such respi- 
ratory support, for as we discovered in World 
War II, wet lung (respiratory distress syn- 
drome) is now recognized as the common cause 


of morbidity and mortality in intensive care 
wards [15] following acute trauma and major 
surgery. 

During the past few decades, accurate cardiac 
and pulmonary bedside monitoring systems of 
right and left heart pressures, cardiac output, 
rapid measurement of blood and blood gases 
(partial pressures of oxygen and carbon 
dioxide), and intermittent mandatory ventila- 
tion have been introduced into clinical therapy. 
These, along with the development of cardiac 
assist devices, have improved cardiorespiratory 
care tremendously [16, 17]. 

The realization that the inhalation of a high 
concentration of oxygen could rapidly produce 
oxygen toxicity and alveolar hyaline membrane 
disease [18] has led to the introduction of po- 
sitive end-expiratory pressure (PEEP) [19, 20] 
therapy, which permits the limiting of the ad- 
ministration of inhaled oxygen to concen- 
trations of 50% or less. Pressures of 10 to 15 cm 
H,O are usually well tolerated; however, higher 
pressures may be needed if the lung is stiff. 
With the use of high-pressure PEEP, the pe- 
ripheral pulmonary artery pressure, which re- 
flects left heart filling pressure, should be mon- 
itored with the Swan-Ganz catheter technique. 

Since IPPB therapy per se does not cleanse 
the bronchial tree of abnormal fluids, it fre- 
quently is employed incorrectly when the pa- 
tients own efforts or transnasal catheter 
suctioning would be more efficacious. Such in- 
discriminate use of IPPB is to be condemned. 
However, with the proper indications, its value 
in opening up alveoli and improving gaseous 
exchangé between the alveolus and pulmonary 
capillary has been well proved. Although the 
remarkable advances in the management of wet 
lung or respiratory distress syndrome have re- 
sulted in greatly improved patient care, the 
basic principles of clearing the airways and im- 
proving the oxygenation of the patient with 
IPPB, when indicated, as introduced by us in 
1944, have remained the cornerstones of the 
management of this condition. 
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Fig 8. Our thoracic surgical team photographed in 
April, 1944, in Marchianese, Italy, before sailing for the 
Anzio beachhead. The army “6 x 6” truck, which 
transported the team's surgical instruments, equipment 
and personnel, is in the background. From left to right: 
Tech Sgt Keith Welborn, 1st Lt Virginia Elliott (surgical 
nurse), Capt Werner F. A. Hoeflich (anesthetist), Maj 
Lyman A. Brewer, III, Capt Charles Schiff (assistant 
surgeon), and Tech Sgt John Martin, in front. (Personal 
photograph.) 


son in setting up the first chest surgery center in the 
USAMC on July 19, 1943. In this first successful utili- 
zation of the potentials of the thoracic surgery teams 
of the 2nd ASG, Dr. Evarts A. Graham's "ahead of 
his time" planning was vindicated. 

I am also most appreciative of the opportunity to 
pursue the investigation described here in Italy at the 
forward hospitals in 1943 and 1944 in World War II 
under the auspices of Col. Edward D. Churchill, 
Consulting Surgeon of the Mediterranean Theater of 
Operations, and the continuation of these studies in 
1944 and 1945 with the support of Col. Frank Berry, 
Consulting Surgeon for the 7th Army in France, 
Germany, and Austria. 

Finally, I am tremendously indebted to the mem- 
bers of my thoracic surgical team of the 2nd ASG: the 
late Dr. Charles A. Schiff, the late Dr. Werner F. A. 
Hoeflich, Nurse Virginia Elliott, and Corpsmen John 
Martin and Keith Welborn (Fig 8). Their devoted and 
unceasing support in 1943, 1944, and 1945 made it 
possible for us not only to render effective treatment 
to more than a thousand seriously wounded casual- 
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ties in World War II but also to develop the new con- 
cepts and forms of treatment recorded here. 


References 


E 


Q3 


10. 


11. 


12. 


13. 


14. 


Samson PC, Burford TH, Brewer LA III, Burbank 
B: The management of war wounds of the chest 
in a base center. J Thorac Surg 15:1, 1946 


. Forward Surgery of the Severely Wounded, Vol- 


ume I: A History of the 2nd Auxiliary Surgical 
Group, 1942-1945. Report to Surgeon General, 
United States Army, Washington, DC, Oct 18, 
1945, p 4 


. Brewer LA III: Initial wound surgery. In United 


States Army Medical Service: The Medical De- 
partment of the United States Army in World 
War II. Clinical Series, vol 11. Thoracic Surgery, 
vol 1. Washington, DC, Office of the Surgeon 
General, Department of the Army, 1963, chap 11, 
pp 269-297 


. Burford TH, Burbank B: Traumatic wet lung: ob- 


servations on certain physiologic fundamentals 
of thoracic trauma. J Thorac Surg 14:415, 1945 


. Brewer LA III, Samson PC, Burbank B, Schiff C: 


The wet lung in war casualties. Ann Surg 123: 
343, 1946 


. Brigham KL: Lung vascular permeability and 


primary pulmonary edema. West J Med 130:222, 
1979 


. Blaisdell FW, Lim RC, Amberg JR, et al: Pulmo- 


nary microembolism. Arch Surg 93:776, 1966 


. Brigham KL: Pulmonary edema: cardiac and 


noncardiac. Am J Surg 138:361, 1979 


. Yorra FH: Shock lung. Curr Concepts Chest Dis 


(Tuberculosis and Respiratory Disease Associa- 
tion of Los Angeles County) 11:3, 1972 

Haight C: Intratracheal suction in the manage- 
ment of postoperative pulmonary complications. 
Ann Surg 107:218, 1938 

Haight C: Intratracheal suction in the manage- 
ment of postoperative pulmonary complications. 
Surgery 6:445, 1939 

Brewer LA III, Burford TH: Administrative con- 
sideration in the Mediterranean (formerly North 
African) theater of operations. In United States 
Army Medical Service: The Medical Department 
of the United States Army in World War II. Clini- 
cal Series, vol 11. Thoracic Surgery, vol 1. 
Washington, DC, Office of the Surgeon General, 
Department of the Army, 1963, chap 3, p 85 
Barach AL: Historical background. Presented 
at a Symposium on Inhalation Therapy. Anaes- 
thesiology 23:410, 1962 

Brewer LA III: Follow-up studies of thoracic 
wounds. In United States Army Medical Service: 
The Medical Department of the United States 
Army in World War II. Clinical Series, vol 12. 
Thoracic Surgery, vol 2. Washington, DC, Office 


393 Classic: Brewer: "Wet Lung of Trauma" and Positive-Pressure Oxygen Therapy in WW Il 


15. 


16. 


AT. 


of the Surgeon General, Department of the 
Army, 1965, chap 11, pp 441-527 

Moore FD, Lyons JH Jr, Pierce EC Jr, et al: Post- 
Traumatic Pulmonary Insufficiency. Philadel- 
phia, Saunders, 1969 

Brewer LA III: Wounds of the chest in war and 
peace: 1943-1968. Ann Thorac Surg 7:387, 1969 
Brewer LA III: Respiration and respiratory 
treatment. Am J Surg 138:342, 1979 


18. 


19. 


20. 


Tierney DF: Oxygen toxicity. West J Med 130: 
22, 1979 

Suter PM, Fairley HB, Isenburg MD: Optimum 
end-expiratory airway pressure in patients with 
acute pulmonary failure. N Engl J Med 292:284, 
1975 

Nicotra MB, Stevens PM, Viroslav J, et al: Physi- 
ologic evaluation of positive end-expiratory 
pressure ventilation. Chest 64:10, 1973 


CORRESPONDENCE 


Anoxic Injury during Cross-Clamping 
To the Editor: 


In a recent article in The Annals (Ann Thorac Surg 
29:217, 1980), Engelman and colleagues made the 
conclusion that the summation of anoxic injury oc- 
curring with intermittent aortic cross-clamping was 
greater than that with continuous aortic cross- 
clamping during cardiac anoxia and cardiopulmo- 
nary bypass utilizing potassium chloride cardio- 
plegia because of the allegedly greater reperfusion 
edema occurring with multiple reperfusions. This 
conclusion was based on the observation that an ex- 
perimental group of 7 pigs in which the aorta was 
continuously cross-clamped and hypothermic potas- 
sium cardioplegia was employed had better left 
ventricular contractility and compliance studies after 
anoxic arrest than another group of 7 pigs with in- 
termittent normothermic reperfusion and hypother- 
mic cardioplegia. The authors' opinion concerning 
left ventricular contractility and compliance was 
made on the observation that the continuously 
cross-clamped group had postarrest maintenance of 
51 + 12% (standard error of the mean) of prearrest 
contractility measurements and postarrest mainte- 
nance of 34 + 31% of prearrest compliance mea- 
surements while no measurements could be made in 
the other group. This observation, of course, is with- 
out statistical significance. Also, the large variance 
(+ 31% being as large as the continuous postarrest 
group mean compliance) suggests that a large num- 
ber of animals in the continuous group had un- 
measurable postarrest function studies likewise. 

The profound implication that one should allow 
anoxic hearts to remain substrate deprived for pro- 
longed periods is unwarranted, based on such scanty 
statistical backing. Such statistical nakedness is 
further reinforced in that the authors provided in- 
formation demonstrating that the intermittently 
cross-clamped group was not statistically similar to 
the continuously cross-clamped group but, in fact, 
was in a poorer cardiac status before anoxic arrest. 
The intermittently cross-clamped group only had 
4.75 + 0.5 umoles of creatinine phosphate in the 
control prearrest period compared with the continu- 
ously cross-clamped group, which had nearly double 
the amount of this high-energy phosphate at 7.23 + 
0.46 umoles. This was significantly greater at p < 
0.005. The only conclusion one could reach is that the 
intermittent group was relatively substrate deprived 
before anoxic arrest, and this again reflects a poorer 
group of experimental animals that may have been 
more stressed prior to the performance of the ex- 
periment. 

With this inconsistency concerning substrate 
levels in a possibly worse group of hearts, the lack of 
comparative prearrest functional information in the 
paper detracts from any conclusion that could be 
made about the functional state after arrest. There- 
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fore, one must reach the verdict that the 
conclusion— intermittent cross-clamping per se, all 
other things equal, results in greater damage than 
continuous cross-clamping— cannot be made in this 
paper. Clinical evidence in a recent large series of 


patients points in the other direction [1]. 


David M. Lolley, M.D. 


Trover Clinic 
Clinic Drive 
Madisonville, KY 42431 


Reference 

1. Lolley DM, Ray JF III, Myers WO, et al: Is reperfu- 
sion injury from multiple aortic cross-clamping a 
current myth of cardiac surgery? Ann Thorac Surg 
30:110, 1980 


Reply 
To the Editor: 


Dr. Lolley’s critique of a well-controlled study un- 
fortunately detracts from the conclusions to be 
gained from the work. Further, the out-of-context re- 
porting of data that require interpretation serves to 
present erroneous conclusions. 

First, in comparing groups of animals, 7 is a suffi- 
cient number from which to draw valid conclusions. 
Myocardial contractility and compliance were 
analyzed according to the methods described in the 
manuscript. The fact that contractility decreased to 51 
+ 12% of control following continuous arrest and 
was not measurable in 6 of 7 animals following in- 
termittent arrest because of an absence of contractile 
force is not without statistical significance. There is 
nothing more significant than a nonbeating heart. 
Furthermore, the inference that myocardial com- 
pliance, which was 34 + 31% of control in the con- 
tinuous arrest group, is an invalid measurement 
because of a large variance shows a lack of under- 
standing of the technique used to quantitate myo- 
cardial compliance. The method used compares each 
animal's postarrest left ventricular end-diastolic 
pressure (LVEDP) to the prearrest level at the same 
ventricular volume and then takes a percentage. 
Thus, animals may actually have a large negative 
compliance change (e.g., if the LVEDP is con- 
siderably greater postarrest than prearrest) or a zero 
change or even an increased compliance relative to 
control. In this experiment, the change in compliance 
averaged —66 + 31% of control, which means com- 
pliance was 34 + 31% of the prearrest or control 
compliance. The variance or SEM does not invalidate 
this result. 

Second, myocardial high-energy phosphate data as 
presented in the paper incorporate different animals 
than were used for the contractility studies. It is rec- 
ognized that prearrest or control creatine phosphate 
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(CP) levels are considerably different in the two 
groups reported while adenosine triphosphate (ATP) 
levels are essentially identical. No ready explanation 
for this discrepancy is available other than the most 
plausible one—that the two groups were not studied 
within the same time frame and reagent differences 
may have existed in the CP testing. The explanation 
given by Dr. Lolley of substrate deprivation in the 
low CP group does not hold up because ATP control 
measurements in these same intermittent arrest ani- 
mals were essentially identical to those in the con- 
tinuous arrest group. In order not to compare apples 
with oranges, each group of animals was compared 
with itself. As noted, in the continuous arrest group, 
ATP fell 2596 from control with reperfusion while CP 
fell 20% and with intermittent arrest, ATP fell 37% 
while CP fell 17%. No attempt was made to imply 
these changes were significant, which they obvi- 
ously are not, but the general trend with intermittent 
arrest (obvious in Figure 3 and 4) is for a declining 
postreperfusion ATP and CP level with each succes- 
sive arrest, a sign of worsening metabolic reserve 
with repeated reperfusion. 

Finally, and most important, what clinical impli- 
cations accrue from this work? I believe one is that 
intermittent arrest with "inadequate" reperfusion is 
a poor preservation technique. This paper [1] and 
others [2, 3] we have published previously would 
support this. Indeed, in coronary revascularization 
procedures, we have been unable to correlate the du- 
ration of cardioplegic arrest (even up to three hours) 
with myocardial injury [4]. However, when massive 
hypertrophy is present, as when multiple valves 
need replacing and revascularization is to be per- 
formed, interrupting the arrest interval would seem 
prudent. However, the duration of intermittent re- 
perfusion should be appropriate to replace metabo- 
lites and allow recovery of metabolic processes. How 
long this should be and how best to accomplish it 
remains a matter of investigation. 


Richard M. Engelman, M.D. 


Chief, Cardiac Surgery 
Baystate Medical Center 
759 Chestnut St 
Springfield, MA 01107 
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Neomycin Ototoxicity 
To the Editor: 


I was greatly interested in the report by Jonathan 
Meakins and Jean Allard entitled "Neomycin Ab- 
sorption following Clagett Procedure for Postpneu- 
monectomy Empyema" (Ann Thorac Surg 29:32, 
1980). I am afraid, however, that the authors did 
not do their homework thoroughly enough with 
specific reference to neomycin ototoxicity from re- 
peated intrapleural irrigations. 

In 1971, I [6] wrote on empyema and alluded to 6 
personal patients who underwent successful closure 
of postpneumonectomy empyema as originally de- 
scribed by Clagett and Geraci [1]; neomycin solution 
0.2596 was instilled only once at closure. In the same 
article, I discussed briefly the reports by Myerson 
and co-workers [5], Helm [2], Leach [3], and Melon 
[4], each of whom described separate instances of se- 
vere ototoxicity following repeated irrigations of neo- 
mycin. 

Over the intervening years, my associates and | 
have had a 9096 rate of success with approximately 15 
postpneumonectomy empyemas closed after the 
manner of Clagett. There have been no instances of 
ototoxicity or renal toxicity. Because of the frequency 
of Staphylococcus aureus and pseudomonas infec- 
tions, we usually pack the opened cavity with gauze 
impregnated with citric acid. At closure, bacitracin 
and Coly-Mycin (colistin sulfate) are added to the 
0.25% neomycin solution. 

In 1972, Stafford and Clagett [7] reported their total 
experience with 18 patients; ototoxic reactions devel- 
oped in none. Neomycin was used as an irrigant in 
only 1 patient after open drainage, and shortly there- 
after an itchy rash developed. The administration of 
neomycin was stopped promptly. 

Meakins and Allard are entirely correct in stating 
that no postoperative serum levels of neomycin have 
been previously recorded. They have shown that, in 
general, serum levels less than 10 ug per milliliter do 
not cause toxic reactions. 

I am not quite sure why Clagett and Geraci [1] de- 
cided to use 0.25% neomycin for a one-time instilla- 
tion. Perhaps it was a bit of serendipity, although 
they were well aware of the potentials of neomycin 
toxicity. In the article under discussion, perhaps it 
was lucky that the authors were able to obtain nega- 
tive cultures so quickly while irrigating with 1% 
neomycin solution. 


Paul C. Samson, M.D. 


3300 Webster St 
Oakland, CA 94609 
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Reply 
To the Editor: 


We are grateful to Dr. Samson for pointing out the 
toxicity of neomycin when used in intrapleural irri- 
gations. He supports our point of view nicely that 
neomycin is toxic and has produced complications in 
every clinical situation in which it has been em- 
ployed. 

It is reasonable to assume that other antibiotics 
also will be absorbed in this setting. Therefore, 
Coly-Mycin, which is very nephrotoxic, must be 
used judiciously. Alteration in dosage is particularly 
important in patients with altered renal function. 

We do not wish to impugn in any way the Clagett 
procedure. It has made a major contribution to the 
management of postpneumonectomy empyema. 


Jonathan L. Meakins, F.R.C.S.(C) 
Jean Allard, F.R.C.S.(C) 


Royal Victoria Hospital 
687 Pine Ave West 
Montreal, Que, Canada 
H3A 1A1 


Location of LAD 
To the Editor: 


Dr. Fisk and associates are to be commended for re- 
porting the clinical results of probe location of the left 
anterior descending artery (Ann Thorac Surg 29:480, 
1980). Since the original report seven years ago, we 
have used this method more than forty times with no 
known adverse results. 


In general, experienced surgeons have little diffi- 
culty isolating the proximal and middle segments of 
the left anterior descending artery, despite the fact 
that the vessel may be covered with a thick layer of 
fat and a variable amount of myocardium. The 
method described saves time and trauma to the heart 
if it is employed promptly whenever a difficult dis- 
section is encountered. In some patients, this artery 
is in the septum proper at a depth below the cavity of 
the right ventricle. By incising directly onto a probe 
positioned within the anterior descending artery, it 
has been possible to expose the vessel without en- 
tering either of the ventricular chambers. 

In addition, seven or more years ago it was com- 
monly believed that an arteriotomy and closure of a 1 
mm coronary artery would be followed by a high in- 
cidence of occlusion of this vessel. The report of Dr. 
Fisk and colleagues and our own clinical experience 
support the view that this complication is unusual 
with modern techniques, magnification, and im- 
proved surgical skills. 


George Robinson, M.D. 
Richard Brodman, M.D. 


Montefiore Hospital 
111 E 210th St 
Bronx, NY 10467 


Identifying Proximal LAD 
To the Editor: 


Fisk and associates presented a reliable method of 
identifying the embedded proximal left anterior de- 
scending coronary artery (LAD) (Ann Thorac Surg 
29:480, 1980). My colleagues and I have utilized a 
different approach to the identification of this artery 
because of the potential problems associated with 
primary closure of a coronary arteriotomy. 

In our experience, we have always been able to 
identify one or more diagonal branches of the LAD. 
With the aorta occluded and following infusion of 
cardioplegic solution, it is possible to trace a di- 
agonal branch back to its origin from the LAD and 
prepare the LAD for anastomosis at this point. With 
magnification and a quiet, bloodless field, this dis- 
section adds only a few minutes to the aortic cross- 
clamp' time. In a five-month period, we utilized this 
approach in 5 patients; no excessive bleeding or 
perioperative infarctions occurred. 


James P. Byrne, M.D. 


University of Kansas School of 
Medicine—Wichita 

905 N Emporia 

Wichita, KS | 67214 
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Company, 34 Beacon Street, Boston, MA 02106 


year basis a 


—State/Zip 
s long as the supply 














YES! Enter my subscription to The Lancet. 
My check for $______ is enclosed. (Payment 
must accompany your order.) Please circle the 
appropriate rate: 

U.S. and Canada 
$55.00 





Individual 
Student, Resident, 


Intern 46.50 


Name Se C Le ee 
Specialty. 
Address x 
City. 














CLASSIFIED ADS 


Classified ads for meeting announcements, postgraduate 
courses, and positions wanted or available must relate only 
to the thoracic and cardiovascular surgical specialties. All 
ads are subject to the approval of the Editor, and material 
deemed inappropriate for publication in The Annals will be 
rejected. The charge for all classified advertising is $25.00 
per 50 words per issue. Prepayment is required. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired when advertising a position wanted 
or available, please indicate this at the time of submission 
and a code number will be assigned. All responses received 
will remain confidential in The Annals Editorial Office and 
will be conveyed to the advertiser shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the desired issue. Send ad and 
nonrefundable check (in the amount of $25 for every 50 
words times the number of issues the ad is to run), payable 
to The Annals of Thoracic Surgery, to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7079 University 
Hospital, Ann Arbor, MI 48109. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised po- 
sitions. When answering advertisements, please write indi- 
vidually to each advertiser you wish to contact, using the 
address given in the ad. 


SITUATIONS WANTED 


Cardiovascular and thoracic surgeon, 34, ABS, ABTS, uni- 
versity trained, presently at major university medical cen- 
ter, wishes to enter private practice or relocate to another 
teaching program. Experienced in adult and pediatric car- 
diac, thoracic, and vascular surgery. Will consider all loca- 
tions. CV and operative experience available upon request. 


Please respond to W-238, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 36, ABS certified, ABTS eligible, 
seeking affiliation leading to partnership with a private 
group. AOA, trained in all facets of thoracic, cardiac, and 
peripheral vascular surgery in major university hospital. No 
geographical preference. Available July, 1981. Curriculum 
vitae upon request. 


Please respond to W-249, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Young certified thoracic and cardiovascular surgeon seeks 
position in private practice. Excellent, balanced operative 
experience in all aspects of the specialty. Available immedi- 
ately. No geographical preference. Curriculum vitae and 
bibliography upon request. 


Please respond to W-254, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, university trained, 
ABS, ABTS eligible. Presently in full-time academic posi- 
tion, seeking faculty position or association with private 
group. 

Please respond to W-255, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





A-40 





Assistant Professor of Cardiovascular and Thoracic Surgery 
at major university center, 35, ABS, ABTS certified, 
searching for opportunity to initiate a private open-heart 
program or become significant part of established program. 
Excellent clinical, surgical, and administrative experience. 


Please respond to W-256, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 34, ABS, ABTS cer- 
tified, wishes to relocate. University trained, publications, 
11⁄2 years of experience in cardiac, thoracic, and vascular 
surgery in private practice. No geographical preference. 


Please respond to W-257, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 42, ABTS, ABS certified, currently 
chief of university cardiac program, desires group or solo 
private practice situation. Experienced in cardiac and 
thoracic surgery. No geographical preference. 


Please respond to W-258, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic and vascular surgeon, 31, university 
trained, ABS certified, ABTS eligible, seeks academic or 
private practice position. Prefers Northeast or upper 
South west. Available July, 1981. 


Please respond to W-259, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Able, well-trained cardiovascular and thoracic surgeon, 33, 
seeks position. Recent graduate from major university cen- 
ter with very active clinical service. All situations and loca- 
tions considered. Available immediately. 


Please respond to W-260, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wants to join cardio- 
thoracic group in academic or private practice. Taking oral 
ABTS Boards this year. Recently completed training at 
midwestern university medical center. 


Please respond to W-261, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Thoracic-vascular surgeon wanted to join practicing tho- 
racic surgeon. Excellent opportunity for Board-certified 
or Board-eligible thoracic surgeon in growing east coast 
Florida community. Complete training in all aspects of 
thoracic and peripheral vascular surgery required. 


Please respond to A-212, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Fellowship in pediatric cardiovascular and thoracic sur- 
gery. One-year program beginning July 1, 1981, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures (250 to 300 cases per year). 


Please respond with CV to A-226, The Annals of Thoracic 
Surgery, C-7079 University Hospital, Ann Arbor, MI 
48109. 








Board-eligible or certified cardiovascular surgeon sought 
by large multispecialty group expanding its cardiovascular 
team to meet demands. Includes all phases of adult and ado- 
lescent cardiac, thoracic, and vascular surgery. 


Send CV or contact M. J. E. Johnson, M.D., or R. E. Hieb, 
M.D., Quain & Ramstad Clinic, P.C., Box 1818, Bismarck, 
ND 58502; tel (701) 222-5413. 


Clinical postresidency available. Fellowship in cardiopul- 
monary surgery available. 


Contact Albert Starr, M.D., University of Oregon Health 
Sciences Center, 3181 SW Sam Jackson Park Rd, Portland, 
OR 97201. 


Thoracic vascular surgeon wanted to join practicing 
thoracic surgeon. Excellent opportunity for Board-certified 
or Board-eligible thoracic surgeon in growing community 
of west coast of Florida. Complete training in all aspects of 
thoracic and peripheral vascular surgery required. 


Please respond to A-248, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wanted to work with 
group of four cardiac surgeons in midwestern metropolitan 
area. Practice consists primarily of adult and pediatric car- 
diac surgery with approximately 500 cases a year. 


Submit CV to A-251, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wanted to join three 
busy surgeons in the Midwest. Cardiac and general thoracic 
surgery, with annual volume of more than 500 open-heart 
cases. Applicant must be ABTS eligible or certified. Salary 
first year, then partnership. 


Please respond to A-253, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 


Fellowship in thoracic and cardiovascular surgery. Excel- 
lent opportunity for physician who is licensed or eligible in 
New Jersey. Heart and Lung Center offers excellent salary 
and benefit package. 


Contact: Chief, Department of Surgery, Deborah Heart and 
Lung Center, Browns Mills, NJ 08015. 


Faculty Member— Thoracic Surgery. Applications are so- 
licited for a full-time academic cardiac surgeon, board cer- 
tified in general and thoracic surgery whose major interest 
is pediatric and adult cardiac surgical problems. The candi- 
date must have research experience, clinical or otherwise, 
in the field. The candidate must be an exceptionally clini- 
cally competent surgeon capable of providing excellence in 
patient care in the fields described and have proven teach- 
ing ability in the education and training of medical stu- 
dents and surgical housestaff. The level of appointment and 
salary will be commensurate with prior clinical, educational 
and research experience. 


Send curriculum vitae to: Chief, Section of Thoracic Sur- 
gery; 4301 X Street, Room 213; UCD Medical Center, Sac- 
ramento, California 95817. In compliance with Federal 
and State laws and University policy, the University of Cali- 
fornia does not discriminate on the basis of race, color, 
national origin, religion, sex, handicap, age or against 
disabled veterans or veterans of the Vietnam Era. The 
University is an affirmative action/equal opportunity em- 
ployer. Final filing date is May 31, 1981. 





Cardiac, thoracic and vascular surgeon wanted to join prac- 
ticing surgeon. Excellent opportunity for Board-certified or 
Board-eligible thoracic surgeon in growing community on 
west coast of Florida. Noninvasive vascular diagnostic labo- 
ratory. 


Please respond to A-256, The Annals of Thoracic Surgery, 
C-7079 University Hospital, Ann Arbor, MI 48109. 





MEETING ANNOUNCEMENT 





The Denton A. Cooley Cardiovascular Surgical Society an- 
nounces its Eighth Annual Scientific Meeting to be held 
Aug 18-23, 1981, at the Inter-Continental Rio, Rio de 
Janeiro, Brazil. Tours of South America available before 
and after convention. 


Contact: Dr. J. Ruiz, 1106 S Druid, Suite 101, Clearwater, 
FL 33516. 


Is it too presumptuous 
to feature Prof. Einstein 
in a Pacesetter ad? 


` 





We do not presume to compare ourselves to one of the 
greatest geniuses ever. Rather, we just wish to point 
out that, where Einstein led, we follow. 
"Imagination is more important than knowledge," he 
once wrote. If there could be any single phrase that 
sums up the philosophy of Pacesetter, that one would 
do very well. 

Rather than produce what we can, then try to figure 
out how to market it, Pacesetter tries to find out what 
is needed, what is desirable. Then finds ways to 
create it. 

We think the good Doctor would have approved. 


Another reason we re called Pacesetter. 





Pacesetter Systems, Inc. 


12884 Bradley Avenue, Sylmar, California 91342 USA * Telex: 698415 ( Paceseter Syim) 
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a best-selling Little, Brown SPIRAL™ manual in a new edition. .. 
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Coronary 
Care 
































CCccceccecceceeccececcetetttcs 


Clip and mail to: 


Little, Brown and Company 


Medical Division 
200 West Street, Waltham, MA. 02154 
Please send me copies of Alpert & Francis 
MANUAL OF CORONARY CARE, Second Edition 
(#035033) @ $11.95 on 30-day approval. 


Please bill me. 


My check for $ is enclosed with 
the understanding that, if | am not entirely satisfied, 
| may return the book(s) within 30 days of receipt for 
a full refund. 

Publisher pays postage and handling if check 
accompanies order. Please add sales tax if applicable. 











Name 

Address 

e SCREEN. G A: 

(In Canada, order directly from J.B. Lippincott of 


Canada, Ltd., 75 Horner Avenue, Toronto, Ontario M8Z, 
4X7, Canada.) 
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SECOND EDITION 


By Joseph S. Alpert, M.D., University of Massa- 
chusetts Medical School, Worcester; and Gary S. 
Francis, M.D., Veterans Administration Hospital, 
Minneapolis, and University of Minnesota School 
of Medicine, Minneapolis 


Physicians praised the first edition of MANUAL 
OF CORONARY CARE: 


" Very good compilation of information which is not 
fqund anywhere else in a single handy volume. Proto- 
cols very useful, especially for doctors who do not deal 
in coronary care every day.’ — Kevin Cooper, M.D., 
Medical College of Virginia, Richmond 


"This handbook is a practical, timely, extremely valua- 
ble, quick reference to the care of the acute cardiac 
patient. It is clearly more comprehensive and scholarly 
than its counterparts in other areas of acute care 
medicine, yet it doesn't sacrifice brevity and clarity 

in accomplishing this.’ — Richard Jerauld, M.D., 

Chief Medical Resident, Wadsworth Hospital, V.A., 

Los Angeles 


This thoroughly revised and expanded second edition 
of MANUAL OF CORONARY CARE presents the most 
reliable, current, and concise coronary care information 
available. Each chapter is organized for optimum 
speed in locating answers to specific questions. Step- 
by-step protocols outline the procedures for handling 
every aspect of coronary care, from the most funda- 
mental detail to the newest major forms of intervention. 


Advances in the field, including radionuclide tech- 
niques, treatment of left ventricular failure, new ino- 
tropic agents such as dobutamine, and new arrhythmic 
drugs such as disopyramide and bretylium, are dis- 
cussed. Three appendixes complete the manual: 

e a guide to drug therapy 

* calculation of the Peel and Norris prognostic indexes 
* a nomogram for calculating body surface area 


MANUAL OF CORONARY CARE, Second Edition is the 
perfect pocket handbook for every house officer, resi- 
dent, physician, medical student, and nurse who cares 
for ICU/CCU patients. It is a vital piece of "equipment" 
for the ICU/CCU in every hospital! 


174 pages. Spiralbound, #035033, $11.95 





COATED VICRYL 


(Pohglacin9l0) suture 


SNUGS DOWN 
AND HOLD 


First coated synthetic absorbable 








e Coated for smoothness e Soft—on the surgeon's 
e Allows adjustable knot hands 
tension for precise knot e Complete absorption 
placement before 90 days 
e Produces less suture drag e High in vivo tensile 
than uncoated synthetic strength 
absorbables e Coated with polyglactin 







e Low tissue reaction 370 and calcium stearate 






Innovators in wound closure 
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an over-the-counter remedy for ailing prose. . 


Not 


A GUIDE TO SCIENTIFIC WRITING 

By Lester S. King, M.D., former Senior Editor and 
later Contributing Editor, Journal of the American 
Medical Association 


WHY NOT SAY IT CLEARLY is unlike any other book on writin 


It's not dull! 

It doesn't list grammatical rules. 

It doesn't hand down a verdict on a sentence or its 
construction and leave you to figure out how to 
improve it. 


Every criticism Dr. King makes is explained and 
illustrated. WHY NOT SAY IT CLEARLY provides 
hundreds of examples from medical and scientific 
literature, shows you what is wrong, suggests 
improvements, and lets you judge the revision. 


WHY NOT SAY IT CLEARLY sensitizes you to bad 
writing so that you can make your writing smooth 
and clear. Dr. King also gives hints on how to begin 
writing, how to overcome writer's block, how to 
deal with the ordinary frustrations of the creative 
process, and how to revise and edit. And no one 
could be better qualified to advise you than Lester 
S. King. His book rests on 16 years of editorial 
experience with the Journa/ of the American Medi- 
cal Association. 


The critical awareness that this book can help you 
to develop is worth much more than the $6.95 
WHY NOT SAY IT CLEARLY costs. Order your copy 


on 30-day approval. 
Wino 


Cle zi 186 pages. 
ett Paperback, #493465, 


$6.95 


Little, Brown and Compa 
Medical Division 

200 West Street 
Waltham, MA 02154 
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Edited by DeWitt C. 
Daughtry, M.D., Univer- 
sity of Miami School of 
Medicine, Jackson Memo- 
rial Hospital, Miami, and 
Miami Heart Institute, 
Miami Beach, Florida 


This new book provides com- 
prehensive, up-to-date manage- 
ment techniques for a major 
killer in this country—thoracic 
injuries—responsible for 25 
percent of automobile accident 
deaths in the United States. 


In 21 clearly written and 





—— um 


d by DeWitt C Dang 


e spontaneous rupture of the 
esophagus 

e trauma to the diaphragm and 
mediastinum 

e thoracic duct injuries 


The authors also include 
discussions of the uses, tech- 
niques, and possible compli- 
cations of tracheostomy and 
autotransfusion, mechanical 
aids to respiration, and thoracic 
trauma as seen by the medical 
examiner (for his valuable, 
firsthand insights into late and 
early treatment failures). More 
than 140 photographs and 36 
explicit line drawings illustrate 


well-organized chapters, Dr. £ O * a3 J specific injuries and serve as 


Daughtry and his outstanding 


diagnostic guides in this 


contributing authors present unique book. 
their expert methods for the man ag emen t 


effective management of such 
injuries as: 


From the scene of the acci- 
of dent to the operating room, 
THORACIC TRAUMA keeps 


e trauma to the chest wall THORACIC pace with the most recent ad- 


e the intrapleural sequelae of 


(ra vances in the field. THORACIC 
chest injury IR A U MA TRAUMA emphasizes the total 


* tracheobronchial and cardio- 
vascular injuries 

* esophageal injuries from 
external forces 


Clip and mail to: 

Little, Brown and Company 
200 West St. 

Waltham, Massachusetts 02154 


I 

I 

I 

I 

I 

I 

i 

i 

i 

! Please send me — copy(ies) of Daughtry: 
! THORACIC TRAUMA (#173800), @ $35.00, on 
ı 30-day approval. 

I 4 . 

! L] Please bill me. 

! L] My check for $_____is enclosed with 
! the understanding that if I am not 
entirely satisfied, I may return the 

! book(s) within 30 days of receipt for a 
! full refund. 





care of the patient. It is a book 
for today s health care profes- 
sional preparing to handle 
tomorrow s patient. 


284 pages, illustrated. 
#173800, $35.00 


Publisher pays postage and handling if pay- 
ment accompanies order. Please add sales tax 
if applicable. 


Name 
Address 


City 





CyberLith IV 


Multi- Programmable 
CMOS Model 259-01 
«S 


intermedics Inc. 
FREEPORT, TEXAS 
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CYBERLITH IV 
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ACING 


yberLith IV the small, clinically proven AV 


The compact, lightweight, 


| CyberLith IV A-V sequential pace- 


maker (Model 259-01) is designed 
to accommodate your patient's 


L long term pacing requirements. In 


pver 18 months of successful clini- 
cal experience this A-V sequential 
system once again proved the 
eliability of CyberLith circuitry 
and the superiority of its program- 
ming flexibility. 

A-V sequential pacing main- 


tains atrial transport; improving 


hemodynamics and cardiac effi- 
ciency. Regulation of A-V delay 
can also provide superior control 
of certain tachyarrhythmias. 

The CyberLith IV is substan- 
tially smaller than any other A-V 


| sequential pacemaker, weighing 


| one-third less than its nearest com- 


petitor. Small PolyFlex™ atrial and 
ventricular leads complete the 
CyberLith IV system. Made from 
flexible, durable polyurethane, 


Intermedics CyberLith IV—Brief Summary 


INDICATIONS FOR USE: Implantable cardiac 
pulse generators may be indicated for 


long-term treatment of impulse formation or 
onduction disorders resulting in symptomatic 
pradyarrhythmias, tachyarrhythmias, and heart 


block unresponsive to drug therapy. 


. A-V sequential pacing is specifically 
dicated for treatment of conduction 


lisorders which require restoration of both rate 


ind atrio-ventricular synchrony. A-V 


PolyFlex offers superior acute and 
chronic stabilities. 

The multi-orogrammable 
CyberLith IV offers 15 rates and 15 
pulse width settings in all three 


modes (DVI, VVI, DOO). Any of 
seven sensitivity levels are pro- 
grammable in the two demand 
modes. The standard series 522 
CyberLith Programmer permits 


sequential pacing is also indicated for patients 


with extensive myocardial infarction with A-V 
block and sinus bradycardia. 


CONTRAINDICATIONS AND SIDE EFFECTS: 
There are nc known contraindications to the 
use of pacemakers as a medical method for 
control of heart rate. Body rejection 
phenomenc, local tissue reaction or skin 
necrosis, muscle and nerve stimulation, 
embolism, cnd cardiac tamponade have 
been reported. 


PRECAUTIONS: See the “Cautionary Notes” 
section of the Physician’s Manual for the 


| Sequential pacing system with reliable CyberLith circuitry. 


selective noninvasive program- 
ming over the full range of pro- 
grammable parameters. 

When A-V sequential pacing 
is the optimum solution for your 
patients, choose the best system 
available: CyberLith IV from 
Intermedics. 

For more information on the 
CyberLith IV A-V sequential pac- 
ing system, contact your nearest 
Intermedics sales representative 
or call us toll free at 800-231-2330. 


v- lntermedics lnc. 


P.O. Box 617 
Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 


Our business is life™ 


Intermedics cardiac pulse generator to 
be implanted. Discussion includes Possible 
Complications, Environmental Hazards 
(electrocautery, diathermy, defibrillation, 
microwave ovens, home appliances, and 
industrial and special environments), and 
Effects of Drugs on Cardiac Pacing. 


CyberLith* is a registered trademark of 
Intermedics, Inc. 

PolyFlex™ is a trademark of Intermedics, Inc. 

€1981 Intermedics, Inc. 
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It's no secret William Harvey has a seal and bond is challenged. And 
reputation for reliability. Our PSST every one must hold. Because if they 
(Pressure Standard Screening Test) isone ^ can't take the pressure, they don't 
of the reasons why. Every WILLIAM pass the PSST. © ` 


HARVEY oxygenator under- The PSST. Your assurance of 
goes the PSST procedure an oxygenator that is built to 
to ensure the integrity of its exceed your demands. It's one 
assembly. Our unique PSST more way we back up the 


Monitor automatically pres- VERO VS William Harvey check-on-check 
surizes each oxygenator. Every symbol of reliability with facts. 





William Harvey, A Division of C. R. Bard, Inc., 1425 S. Village Way, Santa Ana, California 92705. 
(800) 854-3917. In California (714) 835-2422. 





